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Abstract

This paper evaluates the performance of multilayer VVC and SHVC. Multilayer VVC supports a multi-layer coding and many
coding technologies have been added and extended compared to SHVC. For this reason, it is necessary to evaluate the multi-layer
coding performance of VVC and the coding performance for inter-layer reference prediction. Multilayer VVC provides significant
BD-rate improvement of Al 24.4%, RA 29.4%, LDB 29.4%, LDP 32.6% on average when compared to SHVC, so that it is
shown that VVC can provide scalability more efficiently. On the other hand, the complexity of the encoding time increases by an
average of 14 times and decoding time by an average of 1.8 times, which requires efforts to reduce the complexity.
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AT, Bigh 5l A3l AERY I AR skt

TU | CU — Quad tree PU

SHVC Multilayer VVC
CTU size * Maximum 64x64 * Maximum 128x<128
Block CU | CTU — d tree CU
R Tree Quad tree « Partitioning into quad tree(CU) from CTU
partitioning PU | CU — 8 modes PU T . .
structure « Partitioning into multi-type (binary/ternary) tree(CU) from CTU

Intra prediction

* DC, Planar, 33 directional

DC, Planar, 65 directional modes, 20 directional wide-angle mode,

mode, 3-MPM 6-MPM, MRL, PDPC, ISP, MIP, CCLM 3 modes
AMVP mode + AMVP + AMVP, SMVD, AMVR
Inter Merge mode + MERGE/SKIP + Affine MERGE, SbTMVP, CIIP, HMVP, MMVD, GPM, regular MERGE
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+ Use pre-trained LUT

Multi-hypothesis probability update model
Selection of probability model




w9 9 291 Multilayer VVCS}F SHVCS A5 37t 211

(Myungoh Hong et al.: The Performance Evaluation of Multilayer VVC and SHVC)

= tal die Ik

St
=

njz

=2
=

M

CTU(Coding tree Unit) Z7]:= SHVCOIA o] 64x64
o A715 7M. F AJA T, multilayer VVCOl A= H)
128x128 A712 Frh=|th. 3, SHVCOIA = shd W
o Zd 7% CTUZ} QT(Quad Tree) 722 E5 o] CU
(Coding Unit)7} 53, 3HH 7} d&d 7% CU7} 871419
PU(Prediction Unit)® &€t 123 shvke] CUol o
3 W3 £5°] A71E QTE £85 & F St A
multilayer VVCO| &5 & Fxol|A& 7t CTUE QTS
MTT(Multi-Type Tree)= A= E&Eo] CUZF H
. MTT+= BT(Binary Tree)®} TT(Ternary Tree)Z /3%
: 0131 W3StE SHVCS £ WHET § fd% £

g A =AUk

mlOLXL

siof L o=

Multilayer VVC+= 34 U] d&9] Wy BT

oA 65/h= FFEATE F7EE 20709 Wl 3
wide-angle!'¥! R EE A3} Wide-angle R E=
Y B £ tigk a&A W o5& flsl 7t
H Zrolth e Wekd 2ryh 3ge] wel MPM
(Most Probable Mode)©| 37}A] A 6714 EE& 7HA &
2 45 A} o] ¢o= MRL(Multi Reference Line)!'”,
CCLM(Cross-Component Linear Model)!"®, PDPC(Posi-
tion Dependent intra Prediction Combination)!'”), ISP(Intra
Subblock Partitioning)*”, MIP(Matrix-based Intra Predic-

tion)*'17} F 7= itk

3.3 7o

SHVC<] sh 7} of| &2 MVP(Motion Vector Predictor)
£ AAs7] 98l AMVP(Advanced Motion Vector Pre-
dictor) £ =9 MERGE/SKIP F. =& A}-3} A1 2k, multi-
layer VVCE sub-CU 7]HH0. 2 o] =& 3} Affine BT,
ATMVP(Advanced Temporal Motion Vector Predictor)*”,
SHTMVP(Sub-block TMVP)®! 27} 276913, CU 7]
WO 2 o &g 3= MMVD(Merge with Motion Vector

B[)

Difference)**, GPM(Geometric Partitioning Mode)*1o] 5=

7T 2|3 7 RES A S 918 HMVP (His-
tory based MVP)?), PAMVP(Pairwise Average MVP)?"],
CIIP(Combined Intra/Inter Prediction)**), AMVR(Adaptive
Motion Vector Resolution)””, BDOF(Bi-Directional Optical-
Flow)”, BCW(Bi-prediction with CU-level Weights)©*'!0]
F7HE A

4. HEHURIE}

SHVCE st¥ Wi 58 B3l A4E 4x4 & 73 &
£of tlste] DST(Discrete Sine Transform) 7]%F, 1} 2]
742} 852 DCT(Discrete Cosine Transform) 7|4k 3k
7NAE A&t HMEks itk o9 @] multilayer
VVCOH/Wb ol W 7AE MY H o= ARt Wt
< 43 MTS(Multiple Transform Selection) 71&, A1
B EE 92 M3sl= SBT(Sub-block Transform)?! 7]
=, 123 Fi @Yo WS Aa Ao s F7F wg
3+ LFNST(Low Frequency Non-Separable Transform)™?!
71s0] F7hE Tk FAbste shte] FAsE AREshE
Aol okl = A9 A& ARS8l DQ(Dependent

Quantization)* 7]%0] F7}= T},
5. o|2Z ZF
Multilayer VVC2] Q153 ZE{ o= ALF(Adaptive Loop

Filter), LMCS(Luma Mapping with Chroma Scaling)7} 5
7Fe Atk ALF&= /5 3.8F FAol A 71 npx] et 8]
v, F23t S BT 71Elth LMCSe 3%
ANE7F 7HAE 540 Wt ZE =S A gAY
ol gl £EH HEHE T UES TE I
= AEuista At 255 2A Y "(Scaling)sted, -5}
W5 2 HALS ] A Fgole £, SHVCIIA
AHE-31H DF(Deblocking Filter)”} strong filter2} weak fil-
ter o12o] € 2 Bl (Tap)& AHESed 25 2A ) 2
H# S 33l long filter’} F71E Atk

6. dE=T| g

Multilayer VVC2] CABAC(Context-based adaptive bi-



212 WFerE=EA A2698 A23, 20213 39 (JBE Vol. 26, No. 2, March 2021)

nary arithmetic coding)> SHVCS} 543 &d7z]&5S A 23k $1x]9] A &Y (absolute level)E2] o, 12|22 HA)
&3tAIRE, SHVCE T 1008 ©17¢ #171 LUT(Look-Up A Qx99 g 3 2] o5 o] &3t AYXAE
Table) 3712 =037t HiolE &5 AdulolE WajolA 71 S5 U AYHOE AREE:
o3k }dzﬂ /\PF,H I3 20 F LUT 94 §lo] sgsl
A Hem, o Fee g5 F4L 517] 98, multi-hy- 7. AIZ 7t &= HAKInter-layer reference picture)
pothesis 2& Yulo|E RAPIS selsiey L3k Wk
B29o) mpAu} A57t wajo] © @A) 9)Xol] tiaA o] Scalability $7314 HIH L 459] B Ak 9 1
3 979 nonzero @MW) = 3 WA W~ Bash o] B 29k 2ok AAAZAA aAAZe) P Fxete] R
Enhancement P B B oo
layer
Base layer P B LX)
Time
0 1 2
T2l 2. 2-layers scalability A|LIZ|2
Fig. 2. Scenario of 2-layers scalability
| > P P —»| B B —»| B XK
Time
0 1 2
T2l 3. RPS+RPR 7|t scalability +Z&
Fig. 3. Scalability structure based on RPS+RPR
s-tap Pl M= CIR2MEDY ZH A4 4-tap MAH S CH2MEY TH A
0.7 0.7
2x downsampling e 1.5% downsampling

0.6
1.5x downsampling 06

2x downsampling
0.5
05

0.4
0.4

03 /
0.2

0.1

T
03 p: position

0.2

-0.1
Y pl p2 p3 p4 p5 p6 p7 Y pl p2 p3

T2 4. oiRdEE ZH A

Fig. 4 Downsampling filter coefficient



(Myungoh Hong et al.:

9L 9 29

Multilayer VVC} SHVCS] 4% #H71 213
The Performance Evaluation of Multilayer VVC and SHVC)

S3he @ F 9o, G Fx] AsiMe SAF . s "o ey gl Mg Zn
o VY AYEE BAAT ] G Sl B A4
= 3

Fﬂ
:‘.’*:
72}
&
=N
‘é"
'52
i
U
o[-J o
i

—/F A= WA S A

‘Cﬂzﬂ R E]r*‘ NEEE THe s 2T

"F 9}‘5 ZlEolH, =S 27 s S G-AER

T A2 (Down-sampling) Wi o] AH-HE T} RPS

T 598 Qs Fx Ao E dYske Aol #9 7E
oltt.

C/J
*
z
z A
~N
iy
o

A multilayer VVCOA ARE-Sl= -41

o

9 FHe

B

.

BN
%
rot, é_

G-

=1-ol A multilayer VVCF SHVCE]
7] $18te] Intel® i7-1041tH 10700K 3.8Hz
RAMO 2 A¥ Ze2F 8737 SHVC
©1¢] SHM(SHVC Test Model)-12.4°7 2
Fzx AZE o]l VIM(VVC Test Model)-10.088S o] &
3tth 183 multilayer VVC= Al7F, 37F 84 scal-
abilitys A9 F de 35 A4 Z=Z(CTC: Common

%o} JCT-VCIIA H

Test Condition) 73 0] 2+ 4 1A

of met &

! multilayer VVC

93 SHVCS] CTCHIZ o] 83191, QPE 22, 27, 32, 37

=3} gk

SHVCol| A AF&-8l= DCT-IF(Discrete Cosine
based Interpolation Filter)2} 7+om 3% A5 ZTEHE 8-
9, At AT 9 4-50] AR-HETE @ multilayer VVC
AA WA AT HH & 7159 16-917 ZH Aol A 32-

Transform-

29} 7+ WHH O R 2-layer TR(71EAE
AZ)e HEe e etk £ 32 SHVCS] CTC
of Aeoj®l A3 gAelw, Al(All-Intra), RA(Random
Access), LDB(Low-Delay B) 12|32 LDP(Low-Delay P)

% ZH AR $EHATE T3 RPR 71ES H8l AR
e th-AE% FH7F multilayer VVC #5008 =3
:Lal 49]. 71-1;1r _‘41: Als ma
FE) A5E A3, A3 A5 P

Y AsE AHEETh

oy, g-AZy dgPl=
= 8-¥o] 2 16-94
= 4-§o|H 32-9174

E 2. VTM-10.09| 2-layers F£/=53} 4
Table 2. 2-layers encoding/decoding method of VTM-10.0

e

tt. SHVCSt multilayer VV
GOP(Group of Pictures) 2715 Y
layer)3} EL(Enhancement layer)9] Z# W <3}l de}
st QPR /BT HEE A

A skl s

370l A Spatial 1.5%/2x, SNRoll tha+ 23S 25313

vesl 34T Mg A

39937, BL(Base

Command

EncoderApp -c [encoding configuration file] -c cfg/multi-layer/two_layers.cfg

-10 -c cfg/[l0 sequence configuration file] -I1

Encoder -¢ cfg/ll sequence configuration file] -q [qp] -I0 —InputFile=[input file1] -1 —InputFile=[input file2] b [bin file]
Decoder DecoderApp -b [bin file]
¥ 3. 35 AE X0 HolE AE HA
Table 3. Test sequences defined in common test condition
Resolution
Class Sequence Al RA LDP or B
BL EL
A Traffic 1280800 2560 1600 Spatial 2x Spatial 2x Spatial 2x
PeopleOnStreet 2560 1600 25601600 SNR SNR
Kimono
ParkScene 960540 1920% 1980 Spatial 2x Spatial 2x Spatial 2x
B Cactus 1280x<720 1920x< 1980 Spatial 1.5x Spatial 1.5x Spatial 1.5x
BasketballDrive 19201980 1920 1980 SNR SNR SNR
BQTerrace
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SHM# FdstAl +Aas, Aot A1z SA4S S8l o] E = AHAE BTk vk 1.5x/2x F7F e
SIMD 7]5< 113, 9 2¥ =2 AS At I 740 A BD-rate’} BolA = 7S Btk 53] Park-

I %353} 4% BD-BR(Bjentegaard-Delta Bitrate)*”) Scene A4 72 7% RA-2x S0 53 ago] &
= AHgate] 7F 9 vlwsiith & 49 3 55 AL RA, o] ojx= AAE KAtk & 63 & 72 ZH7F SHM thH]
LDB, LDP €74 SHM ] VIM®] 7| 2A1S3 & VIME 7|2AS 3 AT e Fo3t A7t 53

H 4. Al, RAGIM SHM 12.4(BL + EL) CHH| VTM 10.0(BL + EL)2| BD-rate H|x®
Table 4. Comparison of BD-rate of SHM 12.4(BL + EL) and VTM 10.0(BL + EL) for Al, RA
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All-intra(Al) (%) Random Access(RA) (%)
Class Sequence Spatial 2 Spatial 1.5x SNR Spatial 2 Spatial 1.5x SNR
Y U V Y U Vv Y U Vv Y U \ Y U Vv Y U V
A Traffic -24.19(-14.09-23.99 -19.67 [-15.18|-27.70 -32.76 |-40.70|-49.83
PeopleOnStreet |-24.14 [-24.84|-18.12 -23.42(-31.67|-26.74 -31.34(-47.50|-45.62
Kimono -22.86(-16.79-36.30 | -25.62 | -27.54 | -47.36 | -22.26 | -22.69 | -39.44 | -16.77 | -10.20 | -32.23 | -23.78 | -28.20 | -47.03 | -27.16 | -38.78 | -50.19
ParkScene  |-17.76| -3.63 |-37.29-20.30|-19.14|-51.80 (-19.66 |-21.17 |-46.19| -7.14 | 3.16 |-33.48|-16.57 [-16.39|-49.59 [-28.12|-38.75|-56.70
B Cactus -21.59(-10.27|-10.97 | -23.86 | -22.60 | -23.80 | -22.63 [ -19.17 | -26.74 | -27.48 | -26.94 | -17.54 | -32.31 | -36.73 | -29.56 | -38.94 | -48.03 | -43.57
BasketballDrive |-24.81(-20.99 [-18.74|-27.83|-31.97 |-29.68 | -23.86 | -28.10 | -28.11|-26.57 | -23.64 [ -19.00 | -30.25 | -32.78 | -26.15 | -37.14 | -45.54 | -41.56
BQTerrace |-18.43|-16.47 [-31.89-20.49|-30.34 |-46.12 |-18.87 | -33.83 |-44.12 | -20.80|-31.03 | -38.26 | -23.66 |-44.16 | -53.55 | -34.20 | -63.61 | -71.02
Average -21.97 |-15.30|-25.33 | -23.62 | -26.32 | -39.68 | -22.31 | -25.75| -34.90 | -20.27 | -17.73 | -27.78 | -25.31 | -31.65 | -41.18 | -32.81 | -46.13 | -51.21
I 5. LDB, LDPO|A SHM 12.4(BL + EL) CHH| VTM 10.0(BL + EL)2| BD-rate H|x®
Table 5. Comparison of BD-rate of SHM 12.4(BL + EL) and VTM 10.0(BL + EL) for LDB and LDP
Low-delay B(LDB) (%) Low-delay P(LDP) (%)
Class Sequence Spatial 2 Spatial 1.5x SNR Spatial 2 Spatial 1.5x SNR
Y U V Y U V Y U V Y U \ Y U V Y U \
A Traffic -29.06 |-30.36 | -41.36 -35.84 (-38.60 | -49.26 (-30.92 -33.19 | -44.23 -40.31-43.99 |-53.54
PeopleOnStreet |-24.43 [-30.90 | -25.48 -27.21(-32.49|-26.64 |-23.46|-30.90 | -25.95 -28.33(-33.13|-27.67
Kimono -20.17(-19.75|-35.26 | -20.56 | -19.23 | -35.64 | -22.83 | -24.71 | -37.82 | -23.23 | -23.69 | -36.94 | -23.35 | -21.52 | -36.64 | -27.59 | -28.96 | -40.03
ParkScene  [-21.01|-17.24|-42.29|-22.64 |-18.73|-44.89 |-27.10 | -24.03 | -49.63 | -21.64 | -18.82 |-43.51 | -23.26 | -20.02 | -44.77 | -29.71|-27.32 |-51.15
B Cactus -31.02|-32.08|-28.24 | -32.19|-33.85|-29.58 | -32.82 | -36.42 | -30.58 | -31.71 | -33.44 | -28.31 | -32.66 | -34.68 | -29.97 | -37.00 | -41.70 | -34.84
BasketballDrive |-27.52 (-29.40|-25.16|-27.62|-29.35|-24.18 |-30.45|-33.97 | -31.59 -31.44 | -34.44 | -29.65 | -31.44 | -33.61 | -27.88 | -35.03 | -37.87 | -34.89
BQTerrace |-26.16|-43.78|-49.34|-27.29|-44.11|-47.85|-31.45|-46.97 | -48.84 | -35.69 | -48.61 | -53.64 | -36.25 |-50.01 | -55.33 | -40.47 | -52.60 | -57.69
Average -25.62 (-29.07 |-35.30 | -26.06 | -29.06 | -36.43 [-29.67 | -33.88 | -39.20 | -28.30 | -31.87 | -37.40 | -29.39 -31.97 | -38.92 | -34.06 | -37.94 | -42.83
H 6. SHM 12.4(BL + EL) CHH| VTM 10.0(BL + EL)2| £53} A|Zt S&E H|W
Table 6. Comparison of the encoding time complexity of SHM 12.4(BL + EL) and VTM 10.0(BL + EL)
Al RA LDB LDP
Class Sequence 2x | 15x | SNR | 2x | 15x | SNR | 2x | 15x | SNR | 2x | 1.5x | SNR
A Traffic 5730% 1049% 807% | 744% 529% | 921% 627%
PeopleOnStreet 5357% 1632% 1334%| 990% 732% |1282% 891%
Kimono 3868%|1757%|1322% [ 1397%|1136%| 950% | 963% | 854% | 656% |1231%|1052%|784%
ParkScene 6088%|3406% | 1903% | 1248% |1097%| 882% | 817% | 767% | 593% |1025%| 962% |696%
B Cactus 5540%]3308%|1841% |1360% |[1171%| 978% | 896% | 825% | 636% |1176%|1055%|767%
BasketballDrive 5928%|3678%|1614%|1573%|1341%|1092% [1022% | 920% | 713% |1280% |1140% | 835%
BQTerrace 5529%|3754%|1638%|1049%| 980% | 813% | 680% | 658% | 544% | 905% | 867% |666%
Average 5168%|2837%|1629%|1281%|1106%| 913% | 857% | 790% | 616% |[1085% | 987% |730%
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E 7. SHM 12.4(BL + EL) CHH| VTM 10.0(BL + EL)2| 2535} AlZt &= d|m
Table 7. Comparison of the decoding time complexity of SHM 12.4(BL + EL) and VTM 10.0(BL + EL)

Al RA LDB LDP
Class Sequence 2x | 15x | SNR| 2x [15x | SNR | 2x | 15x [ SNR | 2x | 1.5x | SNR
A Traffic 198% 128% 141% | 188% 241% | 185% 227%
PeopleOnStreet 194% 136% 151% | 221% 265% | 215% 249%
Kimono 231% | 192% | 245% | 128% | 124% | 140% | 207% | 206% | 241% | 204% | 205% | 232%
ParkScene 197% | 189% | 210% | 130% | 128% | 128% | 192% | 191% | 200% | 182% | 182% | 186%
B Cactus 195% | 189% | 213% | 136% | 135% | 144% | 180% | 180% | 194% | 183% | 184% | 194%
BasketballDrive 200% | 199% | 212% | 159% | 161% | 168% | 209% | 214% | 249% | 211% | 218% | 245%
BQTerrace 196% | 195% | 217% | 166% | 162% | 168% | 188% | 190% | 222% | 185% | 187% | 209%
Average 201% | 192% | 225% | 139% | 141% | 147% | 219% | 197% | 196% | 147% | 194% | 194%
T 8. Al, RAOM SHM 12.4(BL) CHH| VTM 10.0(BL)2| BD-rate H|u!
Table 8. Comparison of BD-rate of SHM 12.4(BL) and VTM 10.0(BL) for Al, RA
All-intra(Al) (%) Random Access(RA) (%)
Class Sequence 960 540 1280720 1920 < 1080 960« 540 1280720 1920 < 1080
Y U \ Y U V Y U Vv Y 8] V Y U \ Y U \
A Traffic -22.241-28.311-30.16 -22.63|-33.97 [-37.21 -29.82|-37.65|-46.74
PeopleOnStreet |-22.72 -33.84 | -32.59 -27.30|-41.43 |-41.38 -29.70(-43.30 [-41.53
Kimono -19.49-28.08 |-42.91|-20.86 | -26.88 | -42.82 | -22.24 | -23.08 | -37.01 | -24.51 | -42.45 | -52.71 | -24.49 [ -39.94 | -51.20| -25.21 | -35.53 | -46.81
ParkScene |-17.65|-23.34 |-42.34 |-18.47 |-22.15|-44.88 |-19.64 | -21.72| -42.19|-23.75 | -36.01|-51.58 | -24.31 | -35.44 | -54.26 | -25.51 | -35.17 | -53.60
B Cactus -21.94-20.45(-16.23|-22.62 | -20.40|-18.60 | -22.72 | -18.62 | -26.77 | -34.04 | -37.81 |-31.44 | -35.78 | -39.38 | -33.75 | -37.52 | -46.38 | -40.37
BasketballDrive |-24.48|-25.75|-22.16 | -25.44 | -27.74 | -24.90 |-23.67 | -31.06 | -30.28 | -31.70 | -34.95 | -28.81 | -33.45 | -36.85 | -31.99 | -35.64 | -41.68 | -38.19
BQTerrace |-23.69 |-27.24 |-25.86 |-23.96 | -28.33|-38.10 |-18.43 | -33.62 | -46.82 | -32.95 | -42.66 | -51.11 | -32.04 | -45.69 | -54.06 | -33.04 | -59.38 | -67.67
Average -21.74|-26.72 |-31.75|-22.27 | -25.10 | -33.86 | -22.17 | -26.17 | -34.75 | -28.13 | -38.47 | -42.04 | -30.01 | -39.46 | -45.05 | -30.92 | -42.73 | -47.84
¥ 9. LDB, LDPOA SHM 12.4(BL) CHH| VTM 10.0(BL)2| BD-rate H|i®
Table 9. Comparison of BD-bitrate of SHM 12.4(BL) and VTM 10.0(BL) for LDB and LDP
Low-delay B(LDB) (%) Low-delay P(LDP) (%)
Class| Sequence 960 < 540 1280 720 1920< 1080 960 =< 540 1280< 720 1920< 1080
Y U V Y U v Y U \Y Y U \Y Y U \Y Y U \Y
A Traffic -36.92|-43.08|-46.83 -35.86 | -38.24 | -49.02 -40.54 | -47.46 | -50.90 -40.10(-43.47|-53.04
PeopleOnStreet [-24.15[-25.29 | -24.65 -27.20|-31.61|-25.81 -23.06 | -24.85 | -24.52 -28.41(-32.07|-26.62
Kimono -21.36|-24.28|-36.75|-21.75|-25.13| -38.53 | -23.10 | -24.62 | -37.26 | -23.84 | -25.89 | -38.21 | -25.04 | -27.02| -39.60 | -27.81 | -28.80 | -39.40
ParkScene  [-26.20|-23.63 |-36.94 | -26.65 | -25.00 | -44.30 |-27.46 | -23.90 | -48.58 | -28.18 | -26.37 | -38.86 | -28.83 | -27.38 | -45.77 | -30.09 | -27.15 | -49.98
B Cactus -31.44|-26.86|-19.79|-32.76 |-29.59 | -23.63 | -33.17 | -36.52 | -30.34 | -33.76 | -30.55 | -23.23 | -35.81 | -33.89 | -27.82 | -37.27 | -41.55 | -34.28
BasketballDrive |-26.92|-25.29|-22.40|-28.61 |-27.43|-25.31|-30.38 | -33.92 | -31.33 | -29.74 [-26.95 | -23.41 | -32.23 | -30.42 | -27.47 | -35.11 | -37.85 | -34.68
BQTerrace |-35.28|-33.42(-36.38 | -34.43|-37.04|-38.15 |-31.66 | -46.05 | -48.42 | -42.94 | -42.35 | -48.46 | -43.50 | -45.13 | -50.24 | -40.97 | -51.83 | -57.63
Average -28.90|-28.94|-31.96|-34.43 | -28.84 | -33.98 | -29.83 | -33.55 | -38.68 | -31.80 | -32.06 | -35.37 | -33.08 | -32.77 | -38.18 | -34.25 | -37.53 | -42.23
I 10. Al, RAOA} SHM 12.4(EL) CHH| SHM 12.4(BL+EL)2| BD-rate H|l
Table 10. Comparison of BD-rate of SHM 12.4(EL) and SHM 12.4(BL+EL) for Al, RA
All-intra(Al) (%) Random Access(RA) (%)
Class Sequence Spatial 2 Spatial 1.5x SNR Spatial 2 Spatial 1.5x SNR
Y V] V Y U \Y Y U \Y Y U \Y Y U \Y Y U \Y
A Traffic 11.78 | 12.35 | 12.32 20.70 | 25.59 | 27.29 511 | 571 | 6.72
PeopleOnStreet | 10.94 | 15.56 | 12.81 21.17 | 62.66 | 55.63 221 | 7.70 | 743
Kimono 6.09 | 11.08| 845 | 520 | 7.74 | 5.09 | 0.32 | -0.24 | -0.3 |15.07 | 29.48 | 33.91 | 14.67 | 29.85 | 34.44 | 3.76 | 7.06 | 7.59
ParkScene 8.62 | 10.82| 8.82 | 747 | 9.65 | 6.17 | 0.21 | -0.80 | -1.48 | 16.98 | 24.16 | 23.36 | 18.71 | 30.83 | 29.97 | 4.68 | 6.91 | 6.87
B Cactus 13.72 | 14.28 | 19.35| 10.73 | 11.86 | 16.38 | 0.17 | -0.39 | -0.98 | 21.84 | 27.31 | 35.05 | 22.07 | 28.35 | 39.28 | 3.63 | 3.65 | 6.04
BasketballDrive | 17.57 | 22.58 | 23.40 | 15.77 | 18.42 | 20.32 | 0.83 | -4.12 | -3.29 | 18.47 | 36.01 | 34.66 | 17.44 | 36.68 | 36.83 | 3.43 | 8.00 | 6.39
BQTerrace | 15.89 | 18.23 | 20.14 | 14.78 | 17.70 | 19.00 | 0.19 | -3.64 | -7.17 | 15.19 | 28.93 | 32.27 | 15.95 | 45.48 | 48.79 | 2.07 | 13.08 | 12.92
Average 12.38 | 15.40 | 16.03 | 10.79 | 13.08 | 13.39 | 0.35 | -1.84 | -3.01 | 18.49 | 33.45 | 34.60 | 17.77 | 34.24 | 37.86 | 3.56 | 7.74 | 7.71
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I 11. LDB, LDPO|AM SHM 12.4(EL) CHH| SHM 12.4(BL+EL)| BD-rate H|1l
Table 11. Comparison of BD-rate of SHM 12.4(EL) and SHM 12.4(BL+EL) for LDB and LDP

Low-delay B(LDB) (%) Low-delay P(LDP) (%)
Class Sequence Spatial 2 Spatial 1.5x SNR Spatial 2 Spatial 1.5x SNR
Y U V Y U \ Y U Vv Y U \ Y U \ Y U V
A Traffic 19.81 | 25.26 | 26.83 1.25 | 0.90 | 0.89 |15.12|18.95 | 21.02 151 | 110 | 1.30
PeopleOnStreet | 25.30 | 61.28 | 54.67 0.20 | -0.09 | -0.28 | 22.57 | 57.48 | 51.19 0.06 | -0.09 | -0.30
Kimono 21.08 | 27.19 | 31.32 | 20.51 | 25.73 | 29.36 | 0.77 | 0.56 | 0.54 | 19.23 | 26.08 | 30.31 | 17.65 | 23.19 | 26.95 | 0.69 | 0.58 | 0.52
ParkScene 17.16 | 22.65 | 23.36 | 23.85 | 32.42 | 32.80 | 0.94 | 0.81 | 0.73 | 14.21|19.08 | 20.28 | 20.85 | 27.70 | 29.15| 0.95 | 0.83 | 0.70
B Cactus 25.28 | 33.30 | 41.01 | 28.63 | 36.58 | 46.53 | 0.75 | 0.48 | 0.62 | 19.67 | 25.51 | 32.43 | 22.67 | 28.83 | 38.94 | 0.74 | 0.64 | 0.75
BasketballDrive | 22.09 | 35.96 | 34.36 | 21.32 | 34.44 | 35.39 | 1.02 | 0.82 | 0.87 |20.28 | 35.97 | 34.55 | 19.33 | 35.16 | 35.85 | 0.71 | 0.66 | 0.66
BQTerrace 12.10 | 28.74 | 44.06 | 18.14 | 41.78 | 55.63 | 1.68 | 1.83 | 1.82 | 9.67 | 21.07 | 27.73 | 15.49 | 36.39 | 44.66 | 0.96 | 1.30 | 1.30
Average 20.40 | 33.48 | 36.51 | 22.49 | 3419 39.94 | 0.94 | 0.76 | 0.74 | 17.25|29.16 | 31.07 | 19.20 | 30.25| 35.11 | 0.80 | 0.72 | 0.70
¥ 12. Al, RAOAM VTM 10.0(EL) CHH| VTM 10.0(BL+EL)2| BD-rate H|1l
Table 12. Comparison of BD-rate of VTM 10.0(EL) and VTM 10.0(BL+EL) for Al, RA
All-intra(Al) (%) Random Access(RA) (%)
Class| Sequence Spatial 2 Spatial 1.5x SNR Spatial 2< Spatial 1.5 SNR
Y U V Y U \ Y U \ Y U \ Y U \ Y U Vv
A Traffic 15.11|22.38 | 21.09 39.98 | 70.33 | 71.68 0.67 | 041 | 0.51
PeopleOnStreet | 11.74 | 35.02 | 38.28 33.56 | 89.14 | 92.65 -0.26 | -0.21 | 0.08
Kimono 589 [20.93]| 9.90 | 1.71 | 2.31 |-12.15| 0.24 | 0.22 | -3.83 | 28.86 | 77.71 | 68.00 | 18.45 | 44.67 | 31.43 | 0.88 | 1.18 | 0.53
ParkScene 11.88 | 37.66 | 21.41 | 7.75 | 15.83 | -8.82 | 0.14 | -0.02 | -7.14 | 46.79 | 94.29 | 74.45 | 34.63 | 67.77 | 39.90 | 0.94 | 1.03 | -0.12
B Cactus 17.80 | 32.84 | 44.53 | 12.25 | 11.56 | 20.89 | 0.11 | -1.06 | -0.63 | 42.78 | 70.34 | 82.32 | 35.04 | 48.29 | 59.82 | 1.13 | 0.98 | 0.85
BasketballDrive | 20.51 | 39.43 | 40.84 | 15.02 | 16.11 | 19.31| 0.19 | -0.02 | -0.21 | 36.28 | 71.79 | 71.27 | 29.13 | 52.33 | 58.71 | 0.68 | 1.09 | 0.96
BQTerrace |21.28 | 53.81|57.80 | 17.94 | 27.84 | 23.54 | -0.49 | -3.96 | -2.26 | 37.43 |112.61(135.90| 35.01 | 90.96 | 99.50 | 1.33 | 1.62 | 2.33
Average 15.47 | 34.58 | 33.41|10.93 | 14.73 | 8.56 | -0.01 | -0.97 | -2.87 | 38.43 | 83.74 | 85.18 | 30.45 | 60.80 | 57.87 | 0.77 | 0.87 | 0.73
3 13. LDB, LDPO|A{ VTM 10.0(EL) CHH| VTM 10.0(BL+EL)2| BD-rate H|u
Table 13. Comparison of BD-rate of VTM 10.0(EL) and VTM 10.0(BL+EL) for LDB and LDP
Low-delay B(LDB) (%) Low-delay P(LDP) (%)
Class Sequence Spatial 2 Spatial 1.5x SNR Spatial 2 Spatial 1.5x SNR
Y U V Y U \ Y U \ Y U \ Y U \ Y U \
A Traffic 32.68 | 40.63 | 43.71 1.27 | 047 | 0.65 |32.91]40.13 | 42.25 114 | 0.25 | 042
PeopleOnStreet | 30.54 | 56.75 | 53.43 0.14 | -1.26 | -1.33 | 31.26 | 54.42 | 51.09 012 | -1.53 | -1.68
Kimono 25.79 | 34.42 | 32.89 | 24.59 | 33.38 | 29.41 | 1.09 | 0.64 | -0.14 | 26.88 | 34.03 | 33.09 | 24.97 | 34.37 | 29.75 | 0.96 | 0.46 | -0.34
ParkScene | 27.57 | 32.69 | 36.51 | 32.07 | 40.01 | 40.76 | 1.46 | 0.85 | -1.08 | 27.97 | 32.33 | 34.70 | 32.61 | 39.28 | 41.47 | 1.51 | 0.79 | -1.41
B Cactus 29.81|40.70 | 42.48 | 31.41 | 40.15|44.82 | 1.22 | 0.94 | 0.59 | 30.60 | 41.70 | 42.70 | 32.48 | 42.34 | 4564 | 1.14 | 0.65 | 0.18
BasketballDrive | 27.37 | 43.28 | 44.97 | 26.94 | 41.07 | 47.16 | 0.80 | 0.73 | 0.49 |27.16 | 41.72 | 43.44 | 26.81 | 41.80 | 47.23 | 0.70 | 0.60 | 0.33
BQTerrace | 22.01|32.24|38.41|27.16 | 44.71|54.93 | 2.08 | 0.62 | 1.38 | 20.24 | 28.38 | 37.62 | 26.27 | 41.41 | 53.37 | 1.77 | 0.06 | 1.00
Average 27.97 | 40.40 | 41.77 | 28.43 | 39.86 | 43.42 | 1.15 | 0.43 | 0.25 | 28.15 | 38.96 | 40.70 | 28.63 | 39.84 | 43.49 | 1.05 | 0.18 | -0.21
H 14. VTM 10.0(EL) CHH| VTM 10.0(BL + EL)2| £33} A|Zt SET H|W
Table 14. Comparison of the encoding time complexity of VTM 10.0(EL) and VTM 10.0(BL + EL)
Al RA LDB LDP
Class Sequence 2x< | 15x | SNR | 2x | 15x | SNR | 2x | 15x | SNR | 2x | 1.5x | SNR
A Traffic 728% 507% 141% | 580% 135% | 559% 134%
PeopleOnStreet 734% 514% 122% | 582% 121% | 534% 120%
Kimono 691% | 223% | 120% | 508% | 284% | 132% | 513% | 300% | 125% | 493% | 295% | 125%
ParkScene 850% | 311% | 110% | 562% | 328% | 138% | 563% | 352% | 134% | 549% | 337% | 134%
B Cactus 851% | 332% | 111% | 530% | 306% | 133% | 559% | 332% | 127% | 536% | 325% | 126%
BasketballDrive 1059% | 435% | 116% | 532% | 301% | 128% | 560% | 324% | 124% | 551% | 317% | 123%
BQTerrace 917% | 399% | 113% | 666% | 401% | 146% | 654% | 407% | 143% | 647% | 401% | 147%
Average 824% | 326% | 114% | 541% | 321% | 134% | 571% | 341% | 129% | 550% | 333% | 130%
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I 15. VTM 10.0(EL) CHH| VTM 10.0(BL + EL)2| S35} AlZt

| EXt

=B

H|

Table 15. Comparison of the decoding time complexity of VTM 10.0(EL) and VTM 10.0(BL + EL)

Al RA LDB LDP
Class Sequence 2% [15x [ SNR| 2x [15x [ SNR| 2x [15x [ SNR | 2x | 15x | SNR
A Traffic 335% 418% 138% | 544% 160% | 543% 162%
PeopleOnStreet | 316% 388% 139% | 424% 147% | 412% 145%
Kimono 446% | 245% | 141% | 459% | 285% | 139% | 498% | 323% | 150% | 485% | 310% | 148%
5 ParkScene 375% | 233% | 116% | 463% | 296% | 122% | 548% | 346% | 132% | 538% | 339% | 132%
Cactus 379% | 241% | 124% | 485% | 309% | 137% | 550% | 356% | 140% | 530% | 343% | 138%
BasketballDrive 419% | 266% | 122% | 464% | 299% | 136% | 510% | 331% | 147% | 503% | 325% | 149%
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