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ABSTACT

H.266/VVC is ultra-high-definition video over 4K, and can be applied in High Dynamic
Range Imaging (HDR) and wide color gamut (WCG). However, it has high coding
computational complexity based on the coding unit (CU) structure of a quadtree plus binary
tree (QTBT). This plan first proposes a fast coding unit spatial features decision method to
reduce the coding complexity in H.266/VVC such that the H.266/VVC coding can be speed
up. Another important contribution of this plan is to combine video coding with Convolutional
Neural Networks (CNNs) in H.266/VVC in-frame coding mode prediction decision. It can be
shown that the proposed methods can achieve better encoding performance than the original
encoding method (JEM7.0).
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H.266/Versatile Video Coding (VVC) # 444K it g3 A 7% > Z o * &
% # fi& 4 [F](High Dynamic Range Imaging, HDR) % A ¢ 3 (wide color gamut, WCG)*# -
A3 e g4 = < fH(Quadtree plus Binary Tree, QTBT) 448 8 - (Coding Unit, CU)
HH 47 H266/VVC Mg it B gt o Aan > 0 - BASFERE Y 25023
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EEFRGSRBOFRET LT R SRB I T hiFd = # ii/bl’ﬁ* e Ry
MBS R 2 o A MR L ‘s ISO/IEC ¢ & B & o] & Joint Photographic
Experts Group (JPEG) ~ Moving Plcture Experts Group (MPEG) » 11 % ITU-T &7 Video
Coding Experts Group(VCEG) » igdt s e (g 7 B F £ 0 AR L3 * hifR > &)
4c ¢ JPEG ~ JPEG 200 ~ H.262(MPEG-2 Part 2) ~ H.264(MPEG-4 Part 10 or AVC) ~
H.265(MPEG-H Part 2 or HEVC) % % -
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P# 2013 £ N4 F chd scin B %8 (High Efficiency Video Coding, HEVC,
H.265) & g A7 sl P> B 5o o 2 7] H264 oha B § FAL LA F 3
BB %5 (Advanced Video Coding, AVC, H.264) et ;85K & o M F B2 i itreniE ) ~ &
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Fl#t o & H.265/HEVC 2 {6 > MPEG {v VCEG == 7 8 & % 7 % 7] 2 (Joint Video
Exploration Team, JVET) » # ¥ B { A8 P S Hiv > 3% w B3 1 B EF R
]iﬁiﬁp’{ ° 3 P JE_2018 # 2k o JVET MIFATF - BATHE Y %m B fle 5
% 7 i B 1 a8 (Versatile Video Coding, VVC, H.266) > iF 5 #ik HEVC 37— R o

H.266/VVC g 8} fv H.265/HEVC #pit » 4% E %> UHD # % > H.266/VVC ¥
Ui iR E R 6 509 i~ & (Bitrate) X & 3 R Egre s I PR 3 AR e R oE
e H.266/VVC checie e = 7 3% Yokl fofR a5 g je s o

H.266/VVC #f 4v 2 i3 #23F 5 L& el Hr 0 3 Se S i 2 50 2 5 o ble
7 ¥4 H 7 (Coding Unit, CU)# » H.265/HEVC # * » ~#(QuadTree, QT)7 #§ % i& {7 &
2] CU * ] 58] 8x8 T+ 64x64 cnit = A% % b 5 @ H.266/VVC P& & *
7 7 ft4e = 7 AFHQuadTree plus Binary Tree, QTBT) ke d o L3 CU ] 8x8
Jﬁm 128x128 g Fe b » 0 Rdpd b DWILAFP R Wk 1 S AR R KB D
# % B ot 42 H265HEVC L it ﬁf@)" T B P B B A N B e LR R R
H.266/VVC %% #icd8 JEM7.0 2. %8 B 7 kX }a (X N Ag sTay 0 L 7 & 4L df
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] gL ﬂ\’/‘@ﬁ“” _ iﬁ_;ie‘{;&%ﬁ, 3 ﬁ_‘;\:;j_a‘;,{:r;z , 5‘5-3'1'5\%1% u-/_\ L1 Er
& ¥i(Artificial Intelligence, Al) » A& ** % & & ¥ (Deep Learning) ® ¥ f 4! ‘5
(Convolutional Neural Network, CNN) I & & :x 2 3\ 3#&F 2 4 3F;# & H.266/VVC
oo S dB RN IR R B - 2 H266/VVC & o P FERIES O FEH A A S
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ZHIE S B i%'zv R ORI E R Ard 10 Bkt (Peak Signal-to-Noise Ratio,
PSNR)sficig 4% g i 4 IZJW@ ‘fﬁrr’?{‘ﬁ* v BEFR = B IE & PSNR ¢ > i H %
7 16.81%: iz it?*%ﬂ&ﬂze B = hiE L piE & *ﬁ'ﬁﬁ %7 90.8% s EE?F"*
Yo@l 5 AT o 2 H0F i E A FpdeT F-HuY i REEE b 0 & (Step) K
S=4 - 4PF pEBL L P=T whui 4 RApEEEH LD {4 mﬁﬁ&@)m
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Behie (7 RDO #7 g chpF @ o 4 e 23 2 444 67 fad o PRI N Y ch 90 &
ERFAcB 60 T AL T BEE (2,10, 18) ~ (10, 18, 26) ~ (18, 26, 34) ~ (26, 34,
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1. & 7 BFep = BHF % RDcost °
2. iE 1% RDcost B | e {8353 2 ) 17 B 558 9 RDcost
3.0 g 17 BHEEHESY 0 4o 1 e RDcost » iF dU B e 3 BRI o
4. i1 RDO &% - B EIp R -
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0: Planar
1:DC

Bl 6. H266/VVC % & P 3¢ B 50

d 3 H266/VVC g 6 b Fg R 050 4p 2 H265/HEVC e+ g3 e > @ R 450
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FIpiE iR e RGN A B B RIBENE R 4 0 5 (8 4 w3t B RDcost { iE {7 iE
FRUAY 1/9 RDO R fdo pFpRHEGPEFT &F BIRRH L EF RDO #7
PR
3. FHEE
H.266/VVC % B SO IR B K TAcd 2 T 0 R0 ) 1023 0 & B
Z2E 10Bit  H > Ff—i H.265HEVC 14 8 bit ecniM4ffe ke ¥ ¥ & 8 %3
S A N N
# 2. H.266/VVC R 4535 5.3k ©
R THE Intra_ Mainl0
Bit Depth 10
TemporalSubsampleRatio 8
CTU Size 128
MinQT 8
MaxBTDepth 3
Intra Prediction DC, Planner, 65 Angles
Inter Prediction ATMVP, AFFINE, OBMC, FRUC, BIO
Transform AMT, ST, SDT
In-loop Filter De-blocking, SA
Entropy Coding CABAC

H.266/VVC ﬁ *ER T

77 Class B~F i‘g sv 4K 247 & e Class Al - Class A2

RIFEZ & 3 59T /EJ WEIARE T 0 & 4 R G ERRRE DR R

F %R B ££ Bd A XI0A o - B E 0 CNN Z R 24 B
s “‘ A g T#%h * £ 5 5 3 (Supervised Learning) s i 28 1 0 3 SUE A2
ﬁﬁ@ﬁ%m%1 4§ g (Label) sl 91 TR @ 40T ﬂukﬁgnﬁ%ﬁ
%*A+m%ﬂ°y}‘”V53A”ﬁ%mﬁmﬁﬁﬁ;f%@ﬁﬁﬁfﬁ@

JEM7.0 ¢ I3 17 5B Bl 20 3005 m“‘"%{- EREKE

22 ke i R ONN SRl
FEEEY ARM

u—-‘q,

EHPFRERRE oA 5 ArF

B % Tensorflow SV E > ¥ ¥ k% GPU < A kB (7215 o

# 3. H.266/FVC Rl:& B 7| iR 38R T

F AR 2 e A B8R

v * e

Class Name Frame Count | Frame Rate | Bit Depth
Al Tango 294 60 fps 10
Al Drums 300 100 fps 10
Al Campfire 300 30 fps 10
Al ToddlerFountain 300 60 fps 10
A2 CatRobot 300 60 fps 10
A2 TrafficFlow 300 30 fps 10
A2 DaylightRoad 300 60 fps 10
A2 Rollercoaster 300 60 fps 10

B Kimono 240 24 fps 8
B ParkScene 240 24 fps 8
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B Cactus 500 50 fps 8
B BQTerrace 600 60 fps 8
B BasketballDrive 500 50 fps 8
C RaceHorses 300 30 fps 8
C BQMall 600 60 fps 8
C PartyScene 500 50 fps 8
C BasketballDrill 500 50 fps 8
D RaceHorses 300 30 fps 8
D BQSquare 600 60 fps 8
D BlowingBubbles 500 50 fps 8
D BasketballPass 500 50 fps 8
E FourPeople 600 60 fps 8
E Johnny 600 60 fps 8
E KristenAndSara 600 60 fps 8
% 4. H.266/VVC BI:# B 7| e izt &R =~ /)
3840x2160
Al 4096x2160
3840%2160
A2 4096x2160
B 1920x1080
C 832x480
D 416x240
E 1280x720
# 5. "3 CNN FRRIHE # R R E
AR A
CPU Intel Xeon E7-4809 v4
RAM 128GB DDR4-3600
GPU TUF-GTX1660S
(ON} Ubuntu 18.04 x64
AT ch2 E g CNN IF 5 B i3] > 47 = A SR

(Convolutional Layer) ~ = & 7+ it & (Poohng Layer)% — & g%k (Fully Connected Layer)
Ll heBl T Ao A 6 5 R B T{&’Eﬁtﬂ{fﬁ’ FAv 0 T AP KK
wlgra\ B g 00 F 557‘??%@«] rERET U - B 1024 e hee £ R & T o

BRI R Y BB SR E Ao
® & = 3" iy £ (batch size):1000(blocks)
@ % X =t #:10000(epochs)
® 5 % % (learning rate):0.025

® Dropout:0.6
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Convolutional Layer and Pooling Layer Fully Connective Layer
Rectified Lincar Units layer ¥ y ¥
Input
P c1
Fs
N N
'">~é>j.,
— 2
N N | ]
1 32 Output
Bl 7. A SRR R
# 6. CNN %-#ck 2
Layer | ¥ ff+:~ ] | ¥ ff#& 2 =
Ci 5%5 32 ReLU
C 4x4 64 ReLU
Cs 3x3 128 ReLU
P 2x2 Max Pooling
P2 2x2 Max Pooling
Ps 2x2 Max Pooling
Fs 1024

B4 CONN WA A L f BB e B 4ok 7 907 o 0k f (Fehizst 33
T e C/CH Az g3 % AP a5l @ LRmBp i * gk 5 CPU %4 -
PeF A ClassB T ClassE 28 7 b 8201 2 1347 B i 5 P8 e o

# 7.CNN #3] ﬁ‘ T2 fﬁ%ﬁ%&ﬁﬁaﬁ

EREY]
CPU Intel(R) Core(TM) 17-4790 CPU @3.60Ghz
RAM 16 GB
GPU GTX1660 OC 6G
e B
Skl B JEM 7.0
Sk 1 & Visual Studio 2019, Tensorflow, Python
K TAD Intra_main 10
QP Ex T 22 ~27~32~37
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BIFEA 7
ClassAl Tnago CampfireParty
ClassA2 CatRobot TrafficFlow
ClassB Kimono BasketballDrive
Catus ParkScene
ClassC BasketballDrill RaceHorsesC
ClassE FourPeople Johnny

F % % % R 4% * Bjontegaard Delta Bit Rate(BD-rate)frpF fF & > 5 (AT)®a & - ik
¥ > BD-rate Z_AiRlER 7P SHmpF > @ * fple chE L S BT S LR B SR D E T AT
& 4 o~ ig §(Bitrate) o BFRF RS F 0 8 2 R A0N (1) 0 Tprop * Tigyro~ B ™ % A3
2 4R I R S P o B R S 1R 1 JEMT.0 chih s R o

AT = TjEM7.0=TProp (1)
TiEM7.0

P

EF B E D L fR[6] [T]R A v T D D AR L e RN R
77 BD-rate 2 PFRF RS FAT » F 5% S4rd 8~9 o B #id {[6]:hT sopF R S
% -45.199% » T 35 BD-rate % -1.164% > @B iLF A E Y AL [7]T HopF R &
26.443% > T 32 BD-rate 5-1.042% > A3~ 3 d1eh 3 TIEpER RS 5 L 35.125% >
BD-rate = & B %_-1.294% -

F_k ETAS J.,aL oy

% 8. *#h<

g% Jr[6] s i

. Ao ki % 3 o 1[6]

BD-rate AT BD-rate AT
Tnago -1.082% | -30.752% | -0.521% | -45.301%
CampfireParty | -1.934% [ -32.683% | -1.904% | -38.84%
ClassA2 CatRobot -0.867% | -30.591% | -1.093% | -31.301%
TrafficFlow | -0.885% | -39.13% | -1.925% | -41.594%
Kimono -0.671% | -37.742% | -0.466% | -55.842%
Catus -1.959% | -37.662% | -0.871% | -56.622%
BasketballDrive | -0.898% | -33.589% | -1.585% | -52.05%
ParkScene -0.543% | -34.511% | -0.332% | -59.353%
BasketballDrill | -1.705% | -35.504% | -1.891% | -56.954%
RaceHorsesC | -1.294% | -36.432% | -1.152% | -33.115%
FourPeople -0.726% | -38.408% | -1.446% | -40.889%
Johnny -0.827% | -34.499% | -0.792% | -30.523%
Average -1.116% [ -35.125% | -1.164% | -45.199%
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%09, Aihe e R[T] RN S %

j\ > _{:_ A& /g ,,“:fb:w 33 j:_ 46 7
Rl 5 1 S

BD-rate | AT(%) BD-rate AT (%)
Tnago -1.082% | -20.752 -1.424% -22.602

ClassAl
CampfireParty | -1.934% | -22.683 -1.623% -30.354
CatRobot -0.867% | -30.591 -0.941% -29.455

ClassA2
TrafficFlow -0.885% -29.13 -0.891% -23.264
Kimono -0.671% | -27.742 -0.633% -27.354
Catus -1.959% | -27.662 -1.827% -30.333

ClassB
BasketballDrive | -0.898% | -23.589 -0.436% -24.244
ParkScene -0.543% | -24.511 -0.445% -26.939
BasketballDrill | -1.705% | -25.504 -1.784% -24.661

ClassC
RaceHorsesC -1.294% | -26.432 -1.426% -26.252
FourPeople -0.726% | -28.408 -0.672% -25.416

ClassE
Johnny -0.827% | -24.499 -0.409% -26.263
Average -1.116% | -25.959 -1.042% -26.443

% BD-rate 17 6 0 AT TR NA L G 2 BRIFREY S A RS -
B R BPERRE S PP RS B RA R TAPRLT
iR GV RBEEALBE Rend o A LB st
7 % & A RDO 172 CNN eh#C3]ZE 4 » Flebt it 59 S adF 20 B ehle PR & 4 Sofd chps
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