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VVC fast intra mode decision based on deep learning

Shi Jincheng Yang Jing
(College of Inlormation Engineering, Shanghai Maritime University, Shanghai 201306, China)

Abstract: The new generation of video compression standard (H. 266/VVC) provides 67 prediction modes in intra-
frame prediction, which greatly improves the coding efficiency, but also brings extremely high computational
complexity. This paper proposes a fast algorithm for intra-mode decision-making based on deep learning. First, for the
problem of the size and shape of the block after the size of the coding block is divided, the exiracted brightness block is
preprocessed, and the block size and quality are guaranteed through random cropping, resampling, and convolutional
neural network (CNN) upsampling. Then the CNN architecture is carefully designed to reduce the complexity of intra
prediction, and it is proposed to use the current coding block, the adjacent reference block and the residual block as the
input of the network to convert the rate-distortion decision-making process into a classification problem and reduce
unnecessary Pattern (raversal. In order to train the proposed deep learning network, this paper establishes a model
decision data set based on the characteristics of H. 266. Experimental results show that compared with VTM10. 0, the
algorithm proposed in the article reduces the coding time by 39. 56 % ~43. 45% on average, which effectively reduces
the computational complexity of coding, while the rate-distortion performance remains basically unchanged, which is
comparable 1o the latest references. The overall performance has also been improved.

Keywords: H. 266/VVC;intra prediction; mode decision;deep learning; upsampling

Beoom o2 R A5 3

0 35 B

Bt 25 8 AL A K 8K = i LA DL K VR WU B &
JEJFAH H. 265/ HEVC B2 RN A5 2, ik
AL THA WM T ZE B (JVET), & 7545 & 7T 42 1L 3 8
H. 265/HEVC FE 4 14 58 i 90451 4 75 4 4 , 7€ 2018 4F B Ik

W RS H . 2021-11-12
* HATH  {ER H AP EES (61902239 T H & i

+ 104 -

FE ST 3 — AL 4 A% B v 22 D RE AR 4R S (B VVC) IF:
TERELZA T VVC MR (VTML 0 -, H & FE 2020
EFENH WL EERBRB (VVO R REACEED
ZR A VVC AR VTM-12.0, 5 F— Wi
WErfE (HEVO M L FEAR R B2 T 7l AR R4 40 %6 19 4
3R A VVC B REEAE HEVC B 12 f571,



el FRATHERESFITH VVC REM AKX 2R

43

RT WA VVC AT E R E, C &K RE MRk
B, LSS b Yang 255 3 00 10 SR £ 2%
R &) 4 (QTMT) AR — A~ R By Z 3 i 4 28 1) At
TEIIAGET 2 20 B 7 1 o g SR 4 45 5298 (CUD K /)N Zhang
DI O BE BB Ak 23 A AL (RFC) L AF T HR3E CU &I
A3 5 [ IRF 8 T 3 T S0 B DX A 0 B 8 A P T A 2
(=R,

T JLAT B2 TR 2 T B4 2 JE R0 S S AR TR LR 0 T
ARG AD . — AU, 2 TR B 24 3 i 9005 4 55 AT LA 45 R
WZE 5 | 2R & 450 R R 47 0 AR e A LB ok
FE45 )5 09 LL BRI » 33 b 4 428 I 45 AR TR K oy i 21 A Y, AN 7
AT TE R A 2 K BVRBEIR L G R T 3R
B VLA SR A AHE B, g e 42 I 455 4B B B AE B DR v 4 E A
B tgg. % T W TR, Zhao 250 £ 10 48 B 45 FH 4 42
SRR CCNND K 19 4~ TR0 B 4 45 A 3k , L2 348 98 X [ o [i] 793
05 Tee S5 4L L (6 Pt 2 T 465 0000 Ok A B0 T 32 B AL 1
RN B K2 1802 2% Wi 3 TR 40, Ma 2548 8 T (i A
CNIN fe 70 300 o Py 90 000 A 26 1 95 o0 28 B AR 3R 4 4 5 4 T 3 e
TEWE » Wang VRN T — R T HEE DA E L8R
AR SRS Y 0 U % 2 BT DA I I Ak T R0 5 B

BRI 22 A o X T S0 T P T e T LA A Sk A o
2 ) 45 A 5L T 0 R R AU T PN T B 4 3 VA R O s ke
TR L& T — A2 i M 4ok MM AR £ 4
22 24 B W1 P8 T B A 3 00 e s Hu 048 0 T — A
Wik 2 (6] 48 2 M2 W 4% (PS-RNND 3R #F 47 It Py 78 30,
PS-RNN AR IEAHB N A2 LA M., X T 5 #F,
Li SN T —Fb B FAR HLH 09 2 B BOR B CNN B RS
(MSE-CNN) fi—Fh B i B 5 ¢ bR 450, LUR I 2 Br Be iy R
W QTMT 53k CU 4 KM R/ME RD BiAs, iX KR
Jnteit N VVC BY 48 5 5 72 Tissier £ 48 3 i
CNN Y gk B 454~ 4 X 4 R 43 By 48 =2, o 7 88 A1 ot iy 780
M ZE  Lin S $2 W T —Fh 8L T 25 B 22 19 4% A9 ot 1N
AR, BB T AL RIF R, H
e 2 i OB R AE S A B T S g el
TR, A B R

BRZEEFTREFIMMAN BN TECERE T 8
EWTERE . HAAE RS S, DTk E 2R
BN 2 A M A7 T L A {2 R BOEAE B
W SCER14 0, 3R] RLA K 2 B A RV TR A 4R 20 T, AR
5 F— & 5 A M E R, IR G £ 77 M QU
PRIFAE R, U H R TR H. 266 AR, AU 4 AT 3R 2 A
FEAE TR N . R T I — A5 PR B A A B A TR
FE AR SCHR VK Y AT H A L AR 41 HR DL R Y mir Bk B4 T 7%
ZARE R L AR AT L R E 2RI L T XER W
WG EEZN RS S, RNRERNAEREC S
TE G AL E A A ] TR .

G &% H. 266 #9485 4, CU kX £ 238 BRI 2] 40 5 5

(AN R U B DR A B T R R E R AR T L (R
KR RN T S A R SR ) SC BERARAE T 7R SR 14 ] B
—BERE T 1616 BYHRAE B A 7E SCERLLS I ) £ % BT
F CU K/ 2 W25, 33 SRR T W 2% 1 ) %
ASCHBIT— DRI REW T A CU 5T LB AL, [ 4f
A BAAE CU Bef il R i 7 — A2 T CNN _ER A
A TIAL AHEZR . 27 b AR SCHY 2 srmian .

DR T — Pl T B9 5 T 88 B2 2 o 10 g oAy A T o
%, BT SH YRS ST T HMA LB S H A
LIRS Eoti

2) P28 B 22 ad K BT BT AT 3 A4 AL
o [ Ik 197 7 38 3 3 T T AL R SR A S 4 B R B A (R A
ARIEFAE

3EH X H. 266 dRifE, it T —4 2T CNN _ERFR
Kotk b FRAESE

1 ETREFINPARXRRE L

TEARFT A 8 AR SCHE B 4077 . L B RHE SR B
0T 42 B P SR O 48 B A LA B A A R ST
1.1 Z2RIEZE

AILHEIT 5 AR T A 3 A a4k S H Q)
(20,25, 35) TR MW N 4 WERL NFR 1R, Y
QP % 35 B, 14 54. 04 % H1 6. 13% 11 CU #45“Planar”
A DC AR A B AR gl R 2 6090/ CU #E#
Ak P AR Sy B AR =X, 6 F T4 KO £ 19 4R T
NjE B &, di“FoodMarket” fil “BasketballDrive”, & QP

&1t &EET A EEB

Exi] QP Planar/% DC/% 2-66/%

20 18.53 8.74 72.73

PartyScene 25 27.31 6.78 65.91
35 11. 27 2.52 53.21

20 23. 87 8.25 67.88

CamplireParty 25 29. 81 9.75 60. 44
35 47. 37 7.13 45. 50

20 26.13 14. 69 59.18

CatRobot 25 45.21 12. 46 42.33
35 52.75 9. 87 37.38

20 27.06 9.72 63.22

FoodMarket 25 47.14 5.52 47. 34
35 59. 67 4. 32 36. 01

20 40.93 7.28 51.79

BasketballDrive 25 51.75 13.21 35.04
35 66.12 6. 81 27.07

20 27.30 9.74 62. 96

Average 25 40. 24 9. 54 50. 21

35 54.04 6.13 39. 83

+ 105 o



45 & w F

]

=

¥

#*

T IR A 5 8 A 99 AR ARG 4, 5 B HE E 1) A RE AR X9 L 491
WG, QP =20 i A 1 pi R 7E B A F R SUHE RS
“PartyScene” 1, 358 72. 73 %0 11y CU L5 & I M) BE AL AE
AR

80% (]

70% fr
60% |
50% f
40% f
30%f
20% |
10% f;
0% L

o &
o o & $*
SHCANC S
o S
B 1 QPN 20 W diNEE R A

A SCA A X 8 (5 LA 2EAT I 2% 1 D ZRARAL » 6
I S5 456 A A 00 A ) ke 3R 0 XA D 1 288 IR AEC WA T 58
R A Z 4 RDO o # R B R

PATF 2 A SCR SR FE AR, A&l 2 BT R G5 Bl 20 9
CU BE & A i i BAL B, 2 )5 47 AR SCUe i 4
SR ZE BT L LS 1 B A i AR

B2 kB AAER

1.2 HiEmaE

A SCEEAT T AR K/ He i 4 5 B T AE BOHE 2 v fir i Y
L, 3% 2 77 & B A/ g e i o iy L 90 AR 4
AX A4 4X8.8X4 LA 8 X8, AT E = /Y H AR,
AH BRI B (64X 64.,32 X 32) , BUAR BT 5 M 9] L 3 A%, fH
RUEMWESXHE L, X RHBTHEAN, W TR,
B s 5/ B 2 A A LI R,

R2 TREKRDMRELE ST L 5]

CU R~ Al/% A2/ % B/ % C/% D/ % E/% T35/ % - 2 TR R
64 X 64 0.49 3.73 0. 06 0. 00 0. 64 0.12 0. 84 3 358.72
32X32 0.62 7.04 1. 39 0. 24 0. 36 0.91 1.76 1781.76
3216 0.29 8. 69 1.08 0.28 0.38 0.99 2. 15 1 254. 40
16X 32 0.53 6. 58 0.88 0. 30 0.18 5.52 2. 38 3 706. 88
32X 8 0.15 3. 14 8. 80 0.13 0.77 0.99 2.33 596. 48
8% 32 0.46 1.65 0.77 0.16 0. 69 1.66 0.90 230. 40
1616 3.19 31.75 4. 88 3. 86 1.67 5.59 8. 49 2 168. 32
32X4 0.08 0.92 22.36 0.37 2.35 1. 10 4.53 579. 84
1X32 0.15 0.28 0.78 0.01 0.88 2.36 0. 80 102. 10
168 2. 86 11. 61 9.58 5.51 5.32 5.52 7.24 926. 72
8% 16 4,26 12.93 2.96 3. 87 1.99 9.41 5. 90 755. 20
16X 4 2.30 0.59 6.24 9. 66 6. 62 2. 82 4.71 301. 44
4X16 4,27 0.33 0. 94 1.42 2.19 7.45 2.77 177. 28

8% 8 15. 14 5.22 14. 87 15.15 10. 05 15. 14 12. 60 806. 40
84 19. 98 1. 30 12.59 25. 97 18.11 11.23 14. 86 475.52
4X38 26.41 1.12 4.67 11.74 15. 22 22.41 13. 60 435. 20
44 18.73 0.10 4,14 21.31 32.27 11. 08 14. 61 234. 92

2 BB FEf A 4% 0 B R BN B R /N, CU R/MES
FRAT i T AT RE 22— LB (5 B [ B o A 0o 48 390 00 B, 2 R
A RERYIR BE 454 CU SRLAARE A28 K/ . 1Y L e 3 ROt 5
N CU Hefb 7 LoRAEAL B, 40 4 X 1.8 X 8, IFF & #fi 22 X
B ATRE, DEEAN LR RAREREBIETE.
LA B RFLE, E1M T 22 A TR G AE D,
AR BT BRI &, B B B ey BT, 3 F [ 1R IR

+ 106 -

oA Y b R R BUL AR AT 1Y XS SR A )R, AR S
7T CONN By ERARAE R, AL B #2018 3 P .

0 B SCER A A% B U B E L A (D B, B Z
FRKEL . P(Z) AR BT B, L2 AN R BE 2% iR
am & Z WHE. MK FiR. X TANERH CU R
R OO AR b SRR o T 6T T A 6 i 52 Ak i e U SR
FBETHB CNN LR AR B 77 3K 2 15 B I3 M 1) B 4k T 1A



wew FATRESR

6 VVC Brig i AR X kR

43

{§FH Hx H BEHL A8 W AL
B B
Y
N
<> 6 Qs R
Y
ERFEELF HTFCNNR L
Zid K
Y
{ #mzmsn )
Pl 3 I AL B R

G T B SCHY L SRR BT Al Ok B9 A G B I TR B B . AR
SCA B R ok o 9 A B O 3 A 2% I Y R L R

B 5

Forp M 455 CU B AR B0 AAE 2HE IR, O 748
LT 2 5 JREE R SO L 2B 4R 2 (FO 454 AT 4R
L RIS 2 p R URHAE . 6F T N XN R/ 3L FC S50 1
FAJERMAREY AN +1 He, qniE 6 B X kel DLR I £
R A AR B .

[e] AR % 22 2 BE B LAAE o b SE A5 B A BY T 0 R 7

N
=l =l
- -
& &
BRE & &
] ]
(=3 (=3
&) &)
N R Ny Ry Koy
=] ] 3
st g Ik & g &
TR = ~ o = o
£ : z £ L
] g 5 [} 5
=] [} [}
4 [ | rc[™ FC | FC s

AP RELR B IR A TR 5B SO BT 1A AR AR R DA T TR ) 2%
PERE.

pu(Z) = D(Z, —m)'P(Z) )}

m = ZZ,P(Zi) (2)

N T TR I P 4 S B TR L PR R AR S
% T LR SOy — s R G AR R B

AR 2 ROER A H AR 25T RL I P 4 Fis .

A7

Upsampling

B4 HF CNN 1 RrepA

1.3 REMELLENY

A% SCAR B AR N 5 TS, R 3 AR AT
W MRS CU SR LIS 4R, 5 — . M
BYFR 2oy B FHAESE 3 M AL o B 2 P & Se e
FRIER AR AME 1, o T IR R X 3 A5 A A SO 0 1R
TET PR B A L A BT S A TR

o N N

I 4’ al

Attentiom
Block
Conv+PReLU ‘

Conv+PReLU
SPP layer
softmax

PSR W 4 2R

e, AR T AT REH. GEASERZ,
T gk — B R R SR BT R Y RRAE L SR B Bk 22 R AE S
A AP SR B R A 5 5 TR S SRRk A .
RTFRAFIX 3 MA, AL — LR BFHEH
channel-wise attention 3k 41 & % 28 K¢ fik &, B & Ok i,
Squeeze-and-Excitation Block!™* i £ # & 1 & 77 A 7C, ¢

+ 107 -



F R K

ZTCuk N

b

B 6 1A%k

4

fiE AT FF A HEE T SE $ 71 4 4 Squeeze 1 Excitation
BIHA L BRBAT . S5 TR A 0 R AF LW A 5% R 0 3R A5 3
LAXAXC W RLE AL 2 5 H A AE Excitation 5 5§ () ¥
A DLHE S 8 397 1 20 0 AR, X S5 G A ER T 4 R R
A RPAE B 3R 2E B AS B R AURAE B Mg R AR I 3
A R B E A AR B HE AT AR L AE T R R T
PIUEAR S NG Em SR EE-", XEARMER
PR AE PR Sl B AT TP T A AR B B E AT AT A
XIS R R AL B i A RS 20 B UE d LLA R
BEHPIRER,

TER G B Ak 2 d, R 5% T SPP-Net™, SPP-Net
R 12 ) & FIE WAL B AR RS S A T BB A,
LB EA CU RS A — iR B s . A%
Bl B AR R B Z 5 LR BUE I H W
FNTEEHEEEER L. GRCHNE S, B0 EH
FEHEE 64 4 3X3 BB B8 ReLU (PReL D) 4E
MEIERE R FEEINGR B EIRESHE.ERA
B 222 3] SR Sk S R R A WS

HER R R B, A SR I 38 UK AR S R 4 1 4R 2K B
B G FR, Hop m 24 HT batch AR n A%
B H m B 64,7 B 67 AR5 67 FRUN TR R, v,
TR AT, v, T B BE A

Loss = *%2 Zy],vlog(( Vi) (3)

1.4 HIEEMET

CTUH B AR EHE VVC IRMER X B Ttz —,
VVC 78 HEVC U XA W 3ERE L InA T 228 8R4, &
FEF T X R4 (SPLIT_BT_VER) . K = X R4
(SPLIT_BT HOR).B®H =¥ %[4r(SPLIT_TT_VER).XK
A4 (SPLIT_TT_HOR)Y, X fl %] 45 77 2 2 #4582l
S EE R IN R TG L (A WU e T T ) A o A AT X HL 265
ST ST B BCHE S5 R FRE O H. 266, [ 6 A4S S Se g X
H. 266 Ak g4 8,8 VVC il & s 7 — i 8
BIEESE. EET 2D AT AR 5 P 200 057

+ 108 -

Hl, AR T 5 W CU R RIGRIEN R EME
PR, REASCRIBIEE S F 30 AN AN [ A 0 45 5 4
# 3 AR, X 30 ANFEAIEEEIE T JCT-VC (Joint
Collaborative Team on Video Coding) & wnf w4 T
5 A 43 35 R 91 416 X 240,768 X 512.1 536 X 1 024,
19201 080 12 560X1 600, Fi M FHHLL 4 FEfLS
¥ QP(22,27,32,37) il i Bt B S04 “encoder intra_main. cfg”7E
SN (AD F T4, B % 48 VIML0. 0, Z R 7Efi
WIRRE N RERMEERERX AR LIESHREM
AH B % 2= 4 B FIVERRZE

R3I HEEREFEEX

o PR J¥ 515K B
416 X 240 8 240
768 X512 7 210
15361 021 7 110
19201 080 6 150
2 560X 1 600 2 60
B 30 800

TEAR SO BBUE 46 b R R Y 90 26 AR T 30 4%
RN RS » 53 5 5 6 VR RIS L 5 00 FRAR IR 4E

2 IHWERSHW

B ete GPU R4 # GTX 1080 Ti k#4754 304 Bl
22 25 BN 25, TR 2 S HE 22 48 B9 & Tensorflow?2. 10,
Bach size & 64, 4 1k R & Adam, learnling rate N
0.001, ZJGHA S0 ghiy BB i A VTMI0. 0 #4745
BB 3 0 o P 8 B T B Intel(RD Core(TM) 15-7200
CPU, £k 3.20 GHz, NTE RN 8 GB, BAE R Gl 61 i
Windows10,

T IR A SO Y i A 2 O A I R R A
HHETE VIM10. 0 EXF AR 4 B2 AR [F 281 5 #9018
ATBIT BEATERAG I I0 5% F % b i B =, 2 )5 X
AP F A T AR SO MR SRR (R B e e E A AR K,
DUR G i 4% 19 v, LB I E R ER W E SR, BHE R
H 5 ansX (O Fros  For Ny, & 2R 30808 5000 i py 4
HIE VTM dh—#1 CU M N, S CU AN

N i
N(om/

v B VR R T R R Y TR AT Rk L TR B R
EAFRY RD PERE, WA 7 spa] DU B, B A ik 7 51 1Y
TR0 90 %, ik A ME B R B A QP 1Y 3 i i s A
by =11

20T R T AR A A R AR — AP RIS e A iR
FIB B A S VIMIL0. 0 B M A 38 JVET 48 %€ 0945
i CTC 71, M3t 18 MU 51,5 D250 AG3 8402 160 ,

(€Y

Hitratio =



#Hem FATERAFIN VVC REM AR LK

43

100% 7
95%
90% f
85%f
80% I
75% 1
70%
65%
60% L

O CampfireParty
H Rollercoaster
BasketballDrive

2 27 32 37

P 7 TP T A o R

B(1 920X1 080),C(832X480),D(416 X 240) , E(1 280X 720),
S B BT A0 BT 50 WA R AT 2t o 4e 55 L A
1R QP(22.27.32 1 3D T AT ST, ZRID M RER A
Bjontegaard Delta Bit F4% 3% (BD-BR) 1 44 75 33 /b 1 B 8]
AT HATTEAG . BD-BR RRMHFEGTE T . &% iS4
M5 s 2 (8 B LR 22 74 22, X BD-BR 18 1 H 11
BF R R T4 T A3, U0 BT Y A0 DU 40 18 2% L 5 7% 4 hG A%
WA . AT W59 006 52816 & R4 8 40
TR ERE, Bk 6 iR, X h Time,,., (QP IR FEA
FAA SCH R PR GBS I 8], T Time v (QP ) 325 IR 86 St
4% VIML0. 0 4y 4w WS #E BT, 55 4 4 AR IR B 2 1L B8
QP41 22.27.32.37, A 30K 4 Fh QP F 4 5% W 8] 45

Vol et - 24 1 Ay o 2% G B 1) 4 K

AT — iz Timeyry(QP) — Timenp,,, (QP)

X100
4 QP Timeyr (QP) A

5
TEHERWME 4 FiR, §AEAPATEF CNN 8 L3R
RE L P A TR B B SR A Y 2 e X = AR A L R AR I R IR
ST ISR AR T 5 VIM 78 I ) b R R b, 53¢ ik
TR TR AR KL T , Ao # R BRrA
7900 B 4 it R A B, A4 T R RSP ] DL 48 43,15 %
BIES 1], BD-BR SEH3G AN T 1. 037% , KU ZAI AL H A B 47
BITZ AL RE 1 o B HY B TR BT 2 ) 100000 30 0 1 5 AT LA BROUAR
FEARMERE S, NN A BN, RSN FHaiEsh
B AN BB 2 0 T IR G WA 90 9 M AR 5 47 SE B B,
] 40 MarketPlace. BasketballDrill, BQMall, RitualDance,
I BIEEHE SR 46. 27 %6 44, 74% . 46. 53 % . 45. 39 V0 11 £ A5 vk
D If T o 7 SR 33K i 45 5 14 T ) 2 2 T 3K B 288 1 P PP B &5
B 2t AR T T2 s H R gL s sh i i,
PG T PR U0 A X, 2 72 1 i L TR L T 6 T AR S P 4E vk ok
b, IR AN BN, IR B BE OB B 4 BE 7 5
AEEE 5 43 9F F AL ZR A 1T 48 19 B Rl b, R e B i A9 B
5, (A R AT B FU A Rk 2 BD-BR AR,

4 XBHERMER %
e WA CNN |- Fat A CNN I R#t
AR Wit 51
BD-BR AT BD-BR AT
Campfire 1. 328 —45.31 0.783 —40.73
A(3 840X 2 160) CatRobot 1. 087 —43. 89 0.717 —41.03
FoodMarket 1. 218 —46.57 0. 828 —42.68
ParkScene 1. 477 —44. 29 0.737 —37.85
BQTerrace 1.124 —42.69 0.683 —36. 45
B(1 920X1 080) . _

RitualDance 0. 959 —45. 39 0.692 —42.52
MarketPlace 1.172 —46. 27 0.734 —41.33
BasketballDrill 1. 015 —44. 74 0.728 —43.04
PartyScene 0.917 —40. 64 0.471 —34.32

C(832 X 480)
RaceHorsesC 0.931 —42. 17 0. 601 —38. 15
BQMall 1. 218 —16.53 0.653 —13.37
BQSquare 1.017 —38. 36 0.595 —34. 47
. BlowingBubbles 0. 907 —41. 24 0.493 —36. 27

D(416 X240)
BasketballPass 0.772 —43. 36 0. 507 —40. 17
RaceHorses 1. 017 —40. 21 0.559 —37.56
Johnny 0. 872 —A15. 29 0.616 —12. 64
E(1280X720) KristenAndSara 0.953 —13. 31 0. 621 —10. 08
FourPeople 0. 687 —41.58 0. 581 —39.48
S 1 R 1.037 —43. 45 0. 645 —39.56

ZJEAETAL B BEIMAARSCBE T B3 T CNN By _ER A
AR SRR R AR 9 _E R PR R S I N 3R 4 T L P 3

FHE T 39.56% B 4 65 i [l, /H BD-BR - 35 1 fin AF 4
0.645% & F A M A F CNN fy ERREE M, 23T

+ 109 -



45 & w F

]

=

¥

¥R

3. 89 %6 I ZRAB IS , Jai /b T #E3T 0. 4096 %) BD-BR, S 51 |3k
F 1% b SRR X T BRSSP M, SCHE B 2k 1 SRR
B 2, 140 PartyScene, BlowingBubbles, ‘B 414 BD-BR 435l
LA 0. 471%.0. 493% , MR T B4 2R A CNN LR EE 451
Wb T 4804 4526 [ A X B3R , % TR HER 751,
R R, BD-BR %58 #54 B B A% . bRl g5 R
T ONN 0y FoRFERR S T RSB M Il

5 PR AR EBEL SHRBN 3 B E T VVC B

PP AR R AR LERY 25 2R, & DR BT A R
RD PEAE . o SCHR 13 TR SOk (12 R 2 TR = ST 1y 7
5, 3CHRL13 J3E 2 CNN I 25 B0 A4S 4 X4 5] 23 9 #E
RN IR R G SO 12 TR QTMT R B9 5
L4 T AR R IBHLH K 2 B BB B CNN B A,
SCERLS LR AE G v, 8 £ 8030 Ty 1) Ay o o 1 Sy B B ot 1y
AR A SR Il 7 B 22 5 5 DI HROFF
RER P EAT B

x5 ANHESHMEXEELR %
k5 A SR SCHERL5] SCHkL13] crk[12]
BD-BR AT BD-BR AT BD-BR AT BD-BR AT
A(3 840X 2 160) 0.78 —41. 48 0.58 —29.58 0. 85 —53. 84 1. 47 —43.41
B(1 920X1 080) 0.71 —39.54 0.61 —28.57 0.75 —51.57 1.15 —45.92
C(832X480) 0.61 —39.72 0.48 —29.93 0.56 —26.45 1.18 —44.75
D(416 X 240) 0. 54 —37.12 0.52 —31. 38 0.33 —22.73 1. 07 —42.53
E(1 280X720) 0.61 —40.73 0. 84 —30. 31 1.18 —43. 80 1. 81 —49. 27
- g 0. 61 —39.56 0.61 —29. 95 0.75 —39. 68 1.34 —15.18
WA CHESS 2 EREEELE RS IIES T Conference on Engineering, Computer and Information
T THESGEE . AW EEARNETE ST 4 0 E Sciences(SIBIRCON), IEEE, 2019 0525-0530.
FiFE BDPBR FLAA B G, SHARE2I MY [2] BROSS B, CHEN J, LIU S, et al. Versatile video
A B L B SR TS 40 A IA) WS A R AE L D 4B 1] 9 BD-BR it coding (draft 10> [J]. ITU-T and ISO/IEC JVET-
Bi A SCAE LA CNN SR B 06 I 15 B 65 42 0 4% 1 9 52001, 2020.
BD-BR, ff LA BE b AE i A 2 b 2 S i 1y, 38 A [3] SIQUEIRA I, CORREA G, GRELLERT M. Rate-
TEEEAEES W, distortion and complexity comparison of HEVC and
VVC video encoders [ C]. 2020 IEEE 11th Latin
3 & e American Symposium on Circuits & Systems(LASCAS) ,
eSO AR T — R VVC 802 T IR 2 ) i [PEE. 2020: 174,
WOABR B SR E  FA T L 266 gk T LM YANG L SHEN L, DONG X, et al. - Lows
AR P BT L R AL B b3 o H 2 T BSRT CNN complexity CTU partition structure decision and fast
RS A SR B E A de L As i CU Hh, 2 S R intra mode decision for versatile video coding [J .
T A o e SR M S B VR 2 S R L T M BT IEEE Transactions on Circuits and Systems [or Video
W, 31 A T HIA 27 HeR gk 22 S il A LI B Fechnology, 2019, 30(6): 1665 1652,
BRI VIMIO. O b, A4 WPy B B st pe g 0 CPANG Q WANG WL HUANG Ly etal, Fast €U
MKy 42 6 5 e I IO P R S0 T 2 L ST 4k R partition and intra mode decision method for H. 266/
S F 5 3 4 T A 39. 56 % ~ 43, A5 % F) 4 5 B VVCLT]. IEEE Access, 2020, 8: 117539-117550. |
1 BD-BR ALHE AT 0. 645 % ~1. 037% . 7% S T 48 th 55k 2 [6] ZHA()'Z, WANG S, WANG S, et al. Enhanced. bi-
PRI 5 Jr o M TR T L 266/V'VC L4 I 5 B pr(?d'mtlon W"ltl’l convc?luuonal ncural network [ﬁ)r high-
AR AL 2525 5 B T T B 0 JL R G cﬂ[.hcu?ncy v1dc‘o coding []] IEEE Transactions on
WLIIE T e % B 58 1 b 2 7 76 o o B 55 o L T L6 Circuits and Systems [or Video Technology, 2018,
29(11) . 3291-3301.
RIS By J5 kAR R B VYV C R WETR) S0 3R i 8 7 45 [7] LEEJK, KIMN, CHO S, et al. Deep video prediction
B BN — 2 1 488 55 40 s SR SR AL S A network-based inter-frame coding in HEVC[]]. IEEE
&k Access, 2020, 8; 95906-95917.
[1] FILIPPOV A, RUFITSKIY V. Recent advances in [8] MA C, LIUD, PENG X, et al. Convolutional neural

intra prediction for the emerging H. 266/VVC video

coding standard [ CJ]. 2019 International Multi-

+ 110 »

network-based arithmetic coding for HEVC intra-

predicted residues[ J]. TEEE Transactions on Circuits



el FRATHERESFITH VVC REM AKX 2R

43

[9]

[10]

[11]

[12]

[13]

[14]

[15]

and Systems for Video Technology, 2019, 30 (7).
1901-1916.

WANG M Z, WAN S, GONG H, et al.
based dual-scale CNN in-loop filter for Versatile Video
Coding[J]. TEEE Access, 2019, 7. 115211-145226.
LLIJ, LI B, XU J, et al. Fully connected network-
based intra prediction for image coding [J]. IEEE
2018, 27 (7).

Attention-

Transactions on Imagc Processing,
3236-3247.

HU Y, YANG W, LI M, ct al. Progressive spatial
recurrent neural network [or intra prediction[ J|. IEEE
Transactions on Multimedia, 2019, 21 (12).
3024-3037.

LI T, XU M, TANG R, ct al. DeecpQTMT: A dcep
learning approach [or [ast QTMT-based CU partition
of intraamode VVC[]J]. IEEE Transactions on Imagc
Processing, 2021, 30, 5377-5390.

TISSIER A, HAMIDOUCHE W, VANNEY J, et al.
CNN oriented complexity reduction of VVC intra
encoder[ C . 2020 IEEE Intcrnational Conference on
Image Processing(ICIP) , IEEE, 2020. 3139-3143.
LINT L, LIANG K W, HUANG J Y, ct al

mode prediction for H. 266/FVC video coding based

Intra

on convolutional neural network[]]. Journal of Visual
Communication and Image Representation, 2020,
71. 102686.

WANG Z. Fast depth coding in 3D-HEVC using deep
learning[ D], Xiang Gang: The Hong Kong Polytechnic

University,2018.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

PN LA M. T ZNEMGHREEREN
A EBEHRT) B 7540 ¥M|, 2021,
35(7) :118-155.

JIANG K, WANG Z, YI P, et al. Multi-scale progressive
fusion network for single image deraining[ C]. Proceedings
of the IEEE/CVF Conference on Computer Vision and
Pattern Recognition, 2020; 8316-8355.

HU J, SHEN L,
networks[ C]. Proccedings of the IEEE Conlcrence on
2018

SUN G. Squceze-and-cxcitation

Computer Vision and Pattern Recognition,
7132-7141.

Wit B, BRI A, % BT A R 2 W B AR
BRERFER [T ] ANARAL R 4R ,2021,42(1) ¢ 127-136.
HE K, ZHANG X, REN S, ct al. Spatial pyramid
pooling in decep convolutional nctworks [or visual
IEEE Transactions

recognition [ J . on Pattern

Analysis and Machine Intelligence, 2015, 37 (9);
1904-1916.
BOSSEN F. Common test conditions and soltwarc

relerence conligurations[J . JCTVC-L1100, 2013, 12(7).
2. HL 266/ VVC = 20 1] 300 45 05 S 3k aF 55 LD .
PO PR R %R, 2019.

EEE

ME W GREMHE), T2 4, EEHFIE 7 17 5 M5 4
RS .

E-mail ; shijinchhen@163. com

gy, TR BB, BT 10 o E R85 AR

SRR

E-mail:jingyang(@shmtu. edu. cn

« 111 »



