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Abstract: Compared to the high efficiency video coding (HEVC) standard, the latest generation coding standard, ver-
satile video coding (VVC) has introduced many new technologies, including quadtree (QT) and multi-type tree
(MTT) partitioning. MTT partition is extended from QT partition in HEVC. The new partition method increases en-
coding complexity, leading to a sharp increase in encoding time. To reduce encoding complexity, a fast intra coding
method combining deep learning methods and early decision in the MTT direction was proposed. Firstly, a light-
weight convolutional neural network (CNN) network was used to predict partition for QT and partial MTT. Then, an

early prediction for MTT partition direction method was adopted for further optimization of residual MTT. Experi-
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mental results show that the proposed method can significantly reduce encoding complexity, with a 74.3% reduction

in encoding time compared to the original encoder with only 3.3% rate loss. Moreover, the performance of proposed

method is superior to other comparative algorithms.

Key words: VVC, intra coding, convolutional neural network, fast coding, quadtree, multi-type tree
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BQTerrace 2.3% 71.3%
MarketPlace 2.1% 71.4%
RitualDance 2.8% 70.9%

C BasketballDrill 4.3% 2.7% 69.7% 71.5%
BQMall 2.7% 72.5%
PartyScene 1.6% 71.2%
RaceHorsesC 2.1% 72.5%

D BasketballPass 2.5% 1.8% 57.6% 55.3%
BQSquare 1.4% 53.3%
BlowingBubbles 1.3% 52.9%
RaceHorses 2.1% 57.4%

E FourPeople 2.9% 3.4% 74.5% 73.2%
Johnny 4.1% 71.9%
KristenAndSara 3.3% 73.2%

AR 2.8% 28%  68.5% 68.5%

ARk o SCHER[1S1I 7531548 T 63.8% 19w
Fisa], #5125 T 3.2% ) BDBR. BIRA I AE
BDBR I {45 2 b SCHR[ 15138 00 1 0.1%, {HA2&T
B RS T ] T 10.5%. SCRR[12] 714
[1)°F-#5 BDBR G111 2.4%, 548 K125 g At i ]
N 61.4%. 5 CHR[1214H EL, BEAR AR T fE
BDBR #ii 2 FHH g 0.9%, {H2T5 4 K79
L 2 7 12.9%. BhAh, HR4E SCHR[19]42
BRI R GRS 45 R, AT 5 SCHR[19] )7
IR LR LR 5. AL D AT B I B
WA, AR5 CHR[191M B, P2 BDBR
EFT 0.8%, {HSE I AR IE S T 2.3%.
SCER[19T0 T D SRR 51 2 A s b LU L, 5
SCHR[19]AH b, 2R 3C 75 ¥ 1 B[] 280 26 42 15

8.8%, #1745 0.6% ) BDBR . JI. dital W,
ASCHE T VRS A R AR VVC i N 2
B 42 1] e 248 0K 40 K

®3  FHIMTTRISRIRIEGRIS 5 E M AL

* MBI BDBR BT;?R TS ﬁf
Al Tango2 0.4% 0.5% 242% 26.0%
FoodMarket4 0.5% 25.3%
Campfire 0.7% 28.4%

A2 CatRobot1 0.9% 0.8% 28.4%  29.6%
DaylightRoad2 0.9% 28.0%
ParkRunning3 0.5% 32.4%

B CaCtus 0.9% 0.8% 30.9% 29.0%
BasketballDrive 1.0% 27.9%
BQTerrace 0.8% 27.9%
MarketPlace 0.5% 28.1%
RitualDance 0.9% 30.3%

C BasketballDrill 1.3% 0.9% 29.6% 29.9%
BQMall 1.1% 31.7%
PartyScene 0.6% 30.8%
RaceHorsesC 0.6% 27.5%

D BasketballPass 1.0% 0.7% 17.8% 27.9%
BQSquare 0.5% 33.7%
BlowingBubbles 0.7% 28.7%
RaceHorses 0.6% 31.2%

E FourPeople 1.2% 1.1% 30.4% 29.4%
Johnny 1.2% 28.6%
KristenAndSara 1.0% 29.3%

FIME 0.8% 0.8%  28.7% 28.7%

4 ZERIE

EEXEVVC A gt rf, QTMTT X4k 54 1
R 43 14 G B BRF T80 T 3 s o 5 52 2% B 1 1)
B, ARSCHEH T — RS CNN H CU &I 43 f142
AT MTT K437 191 /) VVC PRI M N b 51
BB M K Mk /> RDO 3 7 1 72, A 28 b B3 A1 G
MR REE . LA RERH, M THELE VVC Y
M3, AN SCHREH I 7V RE S~ 3515 44 74.3% 1) 9
fif1a], PEREOL T X EE I T 2
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" e ATy SCHER[15]77VE SCHR[12]77

BDBR TS BDBR TS BDBR TS

Al Tango2 4.7% 67.3% 3.5% 54.4% 1.6% 62.0%

FoodMarket4 3.6% 70.9% 2.8% 57.9% 1.5% 56.8%
Campfire 3.5% 76.5% 4.2% 66.5% 2.0% 59.6%

A2 CatRobot1 4.5% 77.2% 4.9% 62.9% 2.1% 57.3%
DaylightRoad2 3.3% 77.3% 2.8% 65.6% 2.5% 66.8%
ParkRunning3 2.7% 80.1% 2.7% 63.0% 1.0% 52.1%

B CaCtus 3.3% 78.7% 2.9% 67.7% 2.6% 64.8%
BasketballDrive 3.7% 76.3% 3.9% 68.5% 2.6% 66.9%
BQTerrace 2.8% 76.3% 2.6% 64.4% 2.4% 62.9%
MarketPlace 2.4% 77.7% 1.9% 65.2% 1.4% 67.7%
RitualDance 3.5% 80.7% 2.7% 63.0% 2.5% 65.4%
C BasketballDrill 5.4% 74.8% 4.7% 61.0% 4.4% 56.3%
BQMall 3.4% 77.2% 3.1% 67.5% 3.3% 63.1%
PartyScene 2.1% 75.9% 1.9% 64.6% 2.1% 61.2%
RaceHorsesC 2.5% 77.6% 2.5% 64.6% 2.0% 61.0%
D BasketballPass 3.2% 66.0% 3.7% 62.6% 3.2% 59.9%
BQSquare 1.7% 63.1% 2.0% 62.5% 1.6% 56.4%
BlowingBubbles 1.8% 63.6% 2.4% 61.9% 2.3% 57.2%
RaceHorses 2.6% 67.0% 2.9% 61.3% 2.1% 56.9%
E FourPeople 3.7% 78.5% 3.3% 66.9% 4.0% 66.5%
Johnny 5.0% 76.0% 5.1% 64.4% 3.5% 66.7%
KristenAndSara 3.9% 76.8% 3.9% 66.1% 2.9% 63.1%
T 3.3% 74.3% 3.2% 63.8% 2.4% 61.4%
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