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A fast VVC intra-coding algorithm based on graph neural
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Abstract: VVC as the latest generation of video coding standards, further improves video compression quality by in-
troducing a variety of efficient coding tools. However, the VVC standard introduces the QTMT division structure and
expands the intra prediction modes from 35 to 67, resulting in a sharp increase in coding complexity. Firstly, a fast al-
gorithm for intra-frame coding unit (CU) division based on graph neural network was proposed, in order to reduce the

complexity of intra-frame coding of VVC. An efficient graph neural network model was used to directly predict the
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optimal partition mode of CU, thus skipping redundant CU partition traversal. Secondly, a fast algorithm for intra-

frame mode selection based on spatial correlation and texture features was proposed. The average direction variance

and Sobel gradient operator were used to determine the texture direction, some angle prediction modes were skipped,

and the correlation between prediction modes to streamline the rate-distortion mode list were combined. Experimental

results show that this algorithm can save 64.04% of encoding time at the cost of increasing BDBR by 2.29%.

Key words: VVC, intra coding, coding unit partition, intra-angel mode
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FEPE e VE A 48 bR 7 T, AR SCR B VCEG-
M33P U H ¥ BDBR 71k, FEIFA TR 5
BDBR 1 AT. H 1, BDBR /M [F B4 &
TR LR 2, B R /N U 4R I D VR A
Gt R T RIE . AT W i B 1) 45 4
B, 8 TIRES R HEER ], HiHE
Wik
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#2 AXEXRS5VIM-10.0 BiEF AR SLI04E

o Fe7 SCHR[12]77 1 SCHR[15]77 1% SCHR[18]77 1% SCHR[19]77 1% RICT7
AT BDBR AT BDBR AT BDBR AT BDBR AT BDBR
B BasketballDrive 50.47 1.31 28.00 0.61 47.68 0.76 63.74 2.03 67.75 2.26
BQTerrace 38.38 0.93 23.00 0.49 40.88 0.87 81.10 1.39 66.81 3.81
Cactus 40.53 1.10 27.00 0.48 43.28 1.17 76.06 2.12 65.86 2.96
MarketPlace 44.82 1.13 33.00 0.32 — — 51.61 1.55 61.24 2.97
RitualDance 43.51 2.19 29.00 0.47 — — 58.98 1.88 65.74 2.45
C BasketballDrill 38.40 1.91 25.00 0.68 49.78 1.01 34.40 2.32 67.15 3.73
BQMall 44.86 0.95 23.00 0.60 4521 0.67 36.82 1.64 64.96 1.60
PartyScene 29.38 0.48 25.00 0.34 35.67 0.85 27.34 0.76 59.18 0.80
RaceHorses 30.64 0.65 26.00 0.31 40.08 0.51 39.39 1.03 63.04 1.49
D BasketballPass 41.26 1.10 25.00 0.43 — — 23.50 1.03 67.79 2.23
BlowingBubbles 35.03 0.67 22.00 0.23 31.01 0.76 16.60 0.56 63.83 1.21
BQSquare 38.99 0.91 24.00 0.32 34.69 0.69 17.94 0.58 57.40 2.63
RaceHorses 33.72 0.72 24.00 0.29 32.78 0.71 23.21 0.80 58.87 0.91
E FourPeople 45.60 1.51 24.00 2.69 35.71 0.59 54.98 2.67 67.83 2.64
Johnny 39.57 1.85 26.00 0.62 39.90 0.67 55.54 3.25 64.79 2.95
KristenAndSara 44.89 1.12 25.00 0.53 33.09 0.73 50.79 2.43 62.33 2.04
71 40.00 1.16 25.56 0.59 39.21 0.77 44.50 1.63 64.04 2.29

*3 BRI EE BRRNIEFREEESEREEAEENRDLES
. - CU %4y Bk % LA

AT BDBR AT BDBR AT BDBR

B BasketballDrive 62.28 2.39 10.47 -0.03 67.75 2.26

BQTerrace 63.60 3.79 11.53 0.25 66.81 3.81

Cactus 63.54 2.74 8.58 0.31 65.86 2.96

MarketPlace 57.54 2.38 10.49 0.19 61.24 2.97

RitualDance 64.78 2.10 9.08 0.32 65.74 2.45

C BasketballDrill 64.65 3.81 8.73 -0.28 67.15 3.73

BQMall 62.83 1.78 7.18 -0.31 64.96 1.60

PartyScene 56.09 0.66 7.93 0.83 59.18 0.80

RaceHorses 61.61 1.52 8.48 -0.11 63.04 1.49

D BasketballPass 64.22 2.34 9.24 -0.09 67.79 2.23

BlowingBubbles 57.91 1.02 9.05 0.46 63.83 1.21

BQSquare 55.63 2.85 9.88 -0.31 57.40 2.63

RaceHorses 57.26 0.96 8.30 -0.04 58.87 091

E FourPeople 64.40 2.38 10.00 0.60 67.83 2.64

Johnny 61.96 2.71 9.81 0.33 64.79 2.95

KristenAndSara 59.99 2.07 8.75 -0.04 62.33 2.04

Ty 61.14 2.25 9.22 0.13 64.04 2.29
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Torg— Tpro
Torg
FoH, Torg B Toro B8 VVC R GG SRS 25 VTM FIA

SCEVELEAR RN S5 A A3 B (R A B N 8] o

AR E VIM-10.0 JFL 46T & K6 H Sz
gER N2, HRlosiE. BAGERE SRR
CEEEMmIDE R NAR 3. SLIRE R, &K
SO RE S E BDBR T34 2.29% HITE LR, 52
351 64.66% 112 2% FE FEAK . AR AN [R] 28 591 AR
B FIH, MERERIIER, XRHATIREERA
HIFrz b tERE. 1F BasketballPass B4, 28
SR T BORIR B IR IS 2, 98D T 67.83%
¥ g b B6F [ o 3 2 bR T B 4 B0 R 0 oA 2 6
CUKN S 251, FFBhIRME 2 i R o =, [m] i
FERL R B kI AR ZE A T AR 20 S8 F AL
Bk CU R AR AR 4, REBETE 2.25%BDBR
RAMETIR T, I HE 61.14% 1) 9 5 i 18]
H ', RitualDance J7 41 S 9L (1) B 8] 35 48 e O
E, 15%5064.78%, 1X/& T H H IR FE 5 IR A
REAE K VE TR0 CU Kl 43 4546, 5 115 20 1 Tt
MEZR BT T AR ZE R R 3 4548 . D% T T AR =ik
B 2, A SCHIETE 0.13%BDBR #2711
R, SEBLT149.22% (I 18] 45 46, 31X 3 B
FEBVERe NS B T 7 W) 7 72 A1 Sobel 15 FE 4 73 £ HE
JiTl, FFERAE RMD 5 MPM (A5 2K ] AR 6 1 kit
TLARTRMBL TR, A bR Ak el A2
MIgmis 5 &, Rm, xFAHFH, W
BQSquare, I[85 44 57.40%, iXj&H T1E
ZIF A EXECU KI5 45/ R TN BE IR 22, )
T CUBE—BRI5r, XA EIER A R
CURIF SR M AR R, ER5E 5L
B IR D

5 AR FIRAR L, A SCHEVALE T Y
i 18] 5 48 7 TR B AN . e hd i
G Rk R A CU, FEARIE THO7 MRk
g CUXIN ST 710, P FAH 4R B a] 22 5 g sk

AT= x 100% (8)

Tt = XI5, 1T EHOB TR CU S8 5 2%
JER7HRK 53 J7 R PR 704, FFANRERT Ok R4
Mgt e . Park Vi et 4 FH T Py 00 309 17 453
B AFRA ) VV C R E R A 22 I 25 1)
N, Plove RSl CUZ XI5y, SR, X
T A7 BRRFAIE 1 FI0IN DG V4 3R CU TR J2 CRFAE
BRAR T BT R SR M TG . R MR 2SR th—
FhE TS E R R CU A, P2 RE(E
S O R 5 2 FE B A R bR B S I K o
FAWIRE HETII, DenseNet A1 FPN 7 3K 14 AH X 452 /5
BB HER I [|], 5 B0 077 AR S = () 2
MR 2R, (HAN e SR R BE 1 G B I (1) [
1% - Zhang 25138 T 4 ] 3£ + CNN 22 #4 1)
DenseNet 3£ HL CU & )= IRFHAIE, (HAHH T GNN,
HoA R R R AR BCRE UMK . ELAZ B 3 B X 4
4 BRI 53 30 SR AT B, AR 4 T R 4 S
RIAHRAEWTRI 7 2580, SR, HTZITEHAR
BTN 4 RT CU BRI 4 454, PRt HE DA 7e 40 K
PEURFE 2 SI{E TG R Re 7 T AL % . ¢ H Bk 7
EIEARMA W A B AR BT AR, A SR Sk
D) 2% p& ot A AR i B AR AR AL, DR AE 32>
B A2 2% P2 J7 T W B A H o AEUASCAREVE Xt &
G35 ORI ASE 2 P F00M0 I E 8 A iy, S EOR
SRS e BDBR M4 Zhang! g BT .

AT HM BB AT EE EM R &Y, A
SCHR S TR A o A 2 1R AR ot L A 1 9 P
FE7~ T BQTerrace. BlowingBubbles #ll Basketball-
Drive [7* 51| #£ QP=22 It} (¥ ff A% it B 1% . MIEL 9 v
AT CLE Y, B4 Bk 7 A 5t ) B A 5 4
PRI 5 RIS MRt . KR
P& 5V BE 05 7E S T 64.04% 14 2 A5 ) (7] sk 20> A
2.29%BDBR {115 6L T, LU = 4 5 2R Se L A]
M g S T . i PR T TSR VA AE B
= PR i AR FE I R, R Dy %0 1 A JS
PR E W S5 B 1) A

BeAh, N ERRA BRI R R AIERE, A
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(a) VTM 10.0J5 45535

(b) AR %

9 ARSCEES G T4 A AR AL T EL AL

i 7 BDBR A 2K B 2 BIPIANF 51 ) RD
M2k, ASCHES JF A6 9 i 45 11 RD 4 Ak EL B an
K107, K10 (@ J&7x T BQTerrace T4 RD
Mgk, AROCHEIEMIEEME L (peak signal-to-
noise ratio, PSNR) 55 G HA—5, (HIURRE
WA THE . EI10 (b) FE7R T PartyScene 7741/ RD
thek, 2755 RD 45 SR aagmi 4 1) RD 4k
JUFReES, REESIR41QP T, FrieHEE
FERDPERE |5 VTIM 10.0 fRFF—2. X it—L 3]
T PHREE R RUFIOFR R ANERE. L, R
RREE gL R o] RS RTINS

K.

025
40.0 | 0
2 -
= N 41t
g 375
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S %5 16 17 18
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325 8- ASCHTRSE
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R8s W, 25 E& CU 7% [A]AH G 14 Fl S 31 A
fiE, Al Tt B GE RE AE, BE T AR
I 7. SEER A5 LW, MR TR &
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DI T HRBE S IR, SEBLA BE 2 R<F ¥ CU
AR AR TN . B, RN FR
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375
% of
4
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S5 2 S 7 i fE) e By p N, B — 2B CHEN Y H, LI Q, DONG Y, et al. Fast partitioning algorithm
&EE —"%—gﬁ E%i% E for VVC intra coding based on the characteristic differences[J].
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