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Abstract: Compared with the predecessor standards, versatile video coding (VVC) significantly improves compres-
sion efficiency by a quadtree with nested multi-type tree (QTMT) structure but at the expense of extremely high cod-
ing complexity. To reduce the coding complexity of VVC, a fast QTMT partition method was proposed based on deep
learning. Firstly, an attention-asymmetric convolutional neural network was proposed to predict the probability of
partition modes. Then, the fast decision of partition modes based on the threshold was proposed. Finally, the cost of
coding performance and time was proposed to obtain the optimal threshold, and the threshold decision method was
proposed. Experimental results at different levels show that the proposed method achieves an average time saving of
48.62%/52.93%/62.01% with the negligible BDBR of 1.05%/1.33%/2.38%. Such results demonstrate that the pro-
posed method significantly outperforms other state-of-the-art methods.
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B Eh . mshaS. wE AoR 4 S S
FORMPIHIL, =i Chigh efficiency video
coding, HEVC) MIHEAMHRA BAL, W%
LIt A4S (versatile video coding, VVC)
Wit o M REIZM TR, VVC IR
295 HEVC 1] 50% . Hk 5 2 KR 10 X
(quadtree with nested multi-type tree, QTMT) !
R 93 G5 VVC Gt 25 42w it s, (B i
ok T i I A FEIR SR BT AR P B AR
T, VVC a5 240 % HEVC () 18 £5P. it
Ab, 55 i At AR v mH N 2 B 53 2% R S IR T o
) gt ANTR], VVC T A G fith 52 2 FEE 0 v Tt )
i, HIE 2N 1.3 500, K, BRIK VVC
T P G L 32 2 P FL AT T S

Hir oA V2 2% % HEVC Fl VVC RE 24
JEGSREAT TWF9C. WEGUE L2 TSt
ML 2 1 )75 AEFET-Ge vt (1) PR gt g i) 5025
BRI G A A o M RS B
TR 71 Kuo 25— P 1IN 45 3
456 (coding unit, CU) [HRFETE, FHE
Gl AHAR gm i A G (coding tree unit, CTU) Al
[FIfz CTU ¥RBERE R, AT 245 CTU ¥R
T o Jamali SECVRIFA 40 AR Hebk 22 R (sum of
absolute transformed difference, SATD) XU X%
RKEAM (rate-distortion cost, RDC) HEAT4k 11,
MDA T Z R EAAL (rate distortion optimi-
zation, RDO) [FAE, [HIIPRF ) RDC A
IR AR, A EAE X AL Sk R .
Huang 251" S %2 21 (rate distortion, RD)
PERE L G i IR A], 3 P04 48 Ok 0 53 2% R0 i i
BT ¥, o, RD PERER G h i 7] 3 i 4
IURFERAL T o 226 SCHR[8, 101 AR REAT A5 B A1 2
TR, (HALER 6 HEVC 7 QT RIS E T vesie,
X VVC g QTMT R HEAGE M o Lei 25

T o A7 A R 326 B X e S A TE AN R 1) 23 7 1) ()
SATD Y, 7 CU ANFEXI5J7 1 1) RDC 1EA
T CU ALY, o iRy flivh i) SATD 4
HirAl RDC Z5 Y€ 41 CU Rkl 73 77 1) o
Chen 2R Fan 25015 i 42 By 2 RS 2R AIE
XPHFAE B E B AR R PR S HR 1 28 1Ak AN Rl RE )
B, A0 AT RDO, HKFRIGT
Gl AL 448 o Park 25U VR o ) g i JE KT B
BN BIs B Al v AT YR AE S5 SR [14]
R = ORI BT GE v AT, SRR E
ity CU A E RS R SRR L, AT IR E 215
B = X o o FESHSCER[15]H, FJH C 45
CU M RO 2 B SHE S A T HEAT Sk, H)
Mz 3N %57 W 4 07 e s 2 H it does . 2
ZSCRR(12- 13RS — 11 CU RSk, 2%
SCHR[ 1414 Bk = SCW R 73 5 102 2% SCRR[15 1000
PSSk v BEAT YRS, LA L7 VA 4 (1) I ) S
AR AT PR

PRI 2 3] I P g i A5, Liu 25090k
TGS AR R TR A 2R N, Tl A
TFEM ML R CU 4324 3 25, HHAIHE
T DR 7 P v B0 S I ] S 24 o Chen 25017
FINAER R BRI S RS I RE ), il B
5 DR i o B S PR a2k, ROKBRR T
HEVC 9t 5 %%, [AIy, 3k yiill i /s RDO fi
HE R A KRR AR e e B . Katayama %51
ASFAHT CU MAEA G, #AHLE CU SEfE
{5 BAE BB A& M 4% (convolutional neural
network, CNN) [N, SEHL T HEVC IRE A=A
TP GRS, RAF) T RECRG IS . Kim 2507 T
F5T ONN 2 9 53 RBR SR CU K4y, #
CU SEFEAR B AR RN, FEH G i (1) v (R4
AR SRR B AR . Xu PN T 4 2
CU R WLl kA CTU ikl sod, $2 742
A 1173 2 CNN B, EORIE g iV BE I HiT 4
T EFEMART HEVC WA iR 244 . Tang 2"
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F AR AL CNN B 3] VVC i gfid, A1
CNN FEENAFTEARM CUL R0, (e )Z
FRTHIG R, FEUR LA T 25 R 8 7%
Yang 25225 1k N T 07 sCHEBURFAIE, AR HER A\ v
FRRRPEAT IS, R& e CU ZHKRy. B
SRR 6 70 0 1248 U ARP AR 5 R 7 2 TRl TR v
B, (HAFMEIEIUZ AN N N Z R K, Fu &5
Sl o S R L P iy SO IER B ciy
AR, LUMET CUL 1 CU RIS BRI
FER A R KBS N . Amestoy ZEPHHR
FhoaT P85 LA 2% 20 ik, ik R 4 XURS: IX ] 1)
KNKRFEN VVC ITERE K . S22 3CHR[16,20]
EEXF HEVC ¥4 H T AR P gt 7 %8, 0k
TN VVC SR g ik B — e M E K&
Xo B HR[16,22,241 4078 558 N EBURFAE, A
REFE 4241 CU IS IEMS B

IR TR A R O T AR A S )
0 SE B i 80 v 43 248 30 S50 5 AN B, DRI AR SO
R 53 R S AR Ay [ U o [ B S IR 2
LEGHAS 2 AT R 58 I AURPY, ARS8 SR B
7 SRR AR o A R, i TR
TIRIE S SR VVC RIS 510 o SE 45
KW, i SRR R GRS T B LT AN BRI
7 B B K e B A1 T G R A T

2 PR QTMT X4 A%

ARLHEHAHT T QIMT IR 245, RGHh
ER I —AEXSFRE R4 (attention asymmetric
CNN, AA-CNND SR F A o B QR ,
B JE B T AT AA-CNN R HRUASE g S
21 QTMT ERESH

VVC HRH QTMT S5 R f3 CU RERE Y A [+
BIEWN A . 1E VVC Gl e, &4 CU LM
VUSCH (quad tree, QT) K43, FHEE QT M5 i
b2 50 (multi-type tree, MT) 38 K75 o
MT Xl 53 SR A0 HE 4 R o3 A5, 235 k1 — X

B Cvertical binary tree, VB). ZK°F — XK
(horizontal binary tree, HB). HE F — X4 (vertical
ternary tree, VT) FI7K>F- = X (horizontal ternary
tree, HT). B Bk i CAok, i ARy
[RIA K Intra, XLERL L T QTMT HIKI 70 A
%3 (partition mode list, PML). AL m*hy
PML 1 RDC f/MABE, o

m*= min RDC (D

mePML

Hob, PML={1,2,3,4,5,6}, 73 1%} ¥ {Intra, QT, HB,
VB, HT, VT}, RDC,, iS4 R
RDC, =D, +1-R, 2

Hrr, Dy MR, 53 A G m 77 AR R LN
T o B LR , A ) RD P BE RS B H 31
LB A m*fedwtt, Rl QTMT 45ty
AT KEILARBR . BAR VVC Pudi )4y s>
[t SR8 s S W ER O A A2 LS R N
AR
2.2 R EBEER TN
221 HBEHEME

ANTE A PML 23 5% W #5220 TL S 3 A1, Al
A A5 TR ) S0 ME Aff 23 PR AIG o A S ST N R o
I, ACRAEA 7 PML [ CU, M Al. A2,
B. C. DMIE 6 FhavfE T 5+ o3 Bkik 177
41| Campfire. ParkRunning3. Cactus. BQMall.
BasketballPass ! Johnny, #:4NFFIEHL 60 000 />
BIEFEA, Horp K/ h 32x32 Fil 16x16 ] CU 4%
30 000 >, FFHIH 3 IAG{EHF 16x16 ) CU 2R
FEA 32x32 1] CU. Hm TP AEA S il Y 4 il
24 (quatization parameter, QP) 22, 27. 32 Fl137
HATYuRS, SAEAZEE R 60 000x6x4=1 440 000,
AMEEAAFE CU SEE R CU K/ QP, FEA
WK CU el . Edi A pl i p L k1) 55
Mg (97100 AREEE (1/10).
222 AA-CNN £#

ASCRH] CNN RTINS AR, 4
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MT Rl 73 A5 FR M FIREAE B 20E, 2 HH T AA-CNN
4546 o MT R 23 AEXFRPEARBILAE T CU JEARAEIE Ty
e, A EARN FRRIE I RE T, ASCIANT
JEXT RGN . 1R R S LR kS e P A
LA B M, DR AE A S 5 N %R
A SR He i B 06 BEORSRIN T 2 g, AME A4
JREHIRFERCE L, w1 FoR, e
32x32 [f) CU JEIF A 1x1 024 [ &, FREd
1 024x128 FIl 128xN ™ 4 F55 328 W ok /) 1) 23 4%
JEHAT IR R IxN PER &, b N
PERIRRAAE ) BB, JF H QP AR A AMEBRHAE
PIMAAIERE, B)ailid Softmax pAEEATI
o WA, BT PRI AL R W SR R, I R A
SINT 225 3CHR (28] 7 B Al FH A e 42, RIDxS
Softmax MIEFHIABRLL MR EEREL ©, « K
KRB AE SR . « WIGRMER 30, 13 & RHE
BCEANY, A RO RSO B, i I 2RI EL
BN, o BB/, 2 =1 WSS s EOE AR 5
£ Softmax PAZL,

K1 R s

AT AA-CNN g5l 2 fis, 72h
B PRACEE . FFAESREL . RRAE LA DL K 45 S
4 #B5y, BARWR.

(1) BRBESE CU IR KNG A 32x32, T
AT IH— AL BE

(2) ZEMARE LI, L2 f1L3 3 MEESE
RIZ, 8REE 3 M3 B E5r XNEIR
W KNG 5 R Ax2 Axd F1 2x4CREI 3 508 0 16),

5 RS =R & S B R AN 43k
2x1. 2x2 A1 1x2 (PP HER N 24 F132), Hxf
RERBUZHILL, B TR B T LB 5 77 1
WRFHE, TERLERN. MT RI4r. Bbah, 464
AN CU SRAHER s, FRHsER i
ANRFAEIE S BT A 0L e BEANTE R Bt B
— AR, L9 A, RIAEET) 1~9, 1%
5 N AT 2 e 0 2% 25 B S I BRI TU 4R o

GRS T 0 1x2 176
(RREAIE 1) 2, AR S TR 3 N K/ N3l R 2 176128
128x96 Fl1 96x6 [1) 4= 4z)7 L4, L5 Fl Lo ATy
A, JF HAERAER TR QP 1AM
REAE I NAFAE ) 12

(4)3KH Softmax bR ZCHE FUIIE I 4 H 1x6
(TR 1) 5, 43 ST Y. PML A 545 2Ok et
M

AT S T B R P AN 300 A1 (8] 1) 22
ZE RS SRR, RN Bk, ARSCR
FHAE SR A1 25 AA-CNN (3 2 i 5, 8K
e

Loss=H(p,q)+ H1-p,1—¢q) (3
Hodr, HORAZ XSS, p A g R R bR

.
2.3 RHRRK
231 PaEAEXRE
KA RBCE AT GRS PERE SN TR], N AR ] RE R
B B LB 00 T O B e DB i, AT
P B A SRR AR B 3 . ESLTRH
AA-CNN R R TR [0 5 ps PR
PML #EAT P HEF, AIoRh .
(L, p") =Sort(PML, p) (4)
e, LR pr oy i) A HE R I R A MR i)
e ARE BIMER, JFROE BIE o B MR
PR E R n, TP
n= argmin x s.t.lep;B(/) (5

x€{l,2,3,4,5,6} k=1
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4x16x24 it \]28 I
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EEHS O wEme 1 N
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Ax4x24 2x2x32 I !
Lo
EEHS RS9 L N
1
2 A4 Y K
)
)
1224 1x2x32 [ I/QP |
)
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--== Z=on v Ly I
16424 1232 | ~ !
L2 L3 L4 s L6

2 AA-CNN %i#y

CU%t3TT 4R

PML¥J4a4k
(]
A FAL A A-CNNBLRIF5 31 75
If) &
Y
WH (@R PMLEATHET
PR RO HHEE/MEE R
RS N
Y
T HPMLY| %
3 PR R AR

b, x AR BB HCR, py A p/ PR kAN ITER
e, AR n BT PML A L', L'={L|1<i<n},
Lok LA i ANeE . R, AR SCHR H i psdi g
JiBAK n /M‘Eﬁiﬁﬁ RDO, ne[l,6], HRHIE
R T g BARE, JFrrilad o R HIMERERIH K .
232 BMERE

AU AR B o * KT g H 18 -5 B 1)

AP T PR S I TR AT pR Ko ASEIR YT v
% o RERAEMAGVERE, o BOKMIPERE®E; L
IR n BERAERS A4 (time reduction,
TRD, n /NIRRT Z . Pk, & A e
Harr
Cost(a,n)=a—w-n (6)
A, o AWHERPFITN T, 2 o<l I, "L
BHEZWIN Y o>1 I, PERETE &
o 5 o HEML, NEREFHKLR, AL
£ QP=32. CU K/NA 32x32 MI4fF FH 24
FIBEAT T Geit o3t . et a5 R & 4 s, B ¢
B4, o WHGIN, Frpszg il v A 3RS .
BAR, XTI PR A E BT A A R . B,
AKICRE o KT o MZtEm s, T
a=pu-p+v 7
oy, vt 5B ARG A R I S5
[FEL, AR n 5 o BT T G0 geit
SR 5 s, BEE o Hm, n REH RIS
BB, BRI, ASCK n BN KT o IFEHR
B, FeEREH expl Al exp2 BIFIEAY, &
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1.05
095 +
+++++
085 +
S S 2
0.75 | Al
J o Campfire 4 DaylightRoad2
0.65 A Cactus x BasketballDrill
[ + BasketballPass ® FourPeople
0.55 L L T : r T
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
4
4 albtip MK R
6 3
o Campfire 4 DaylightRoad2
5| a Cactus x BasketballDrill ‘
+ BasketballPass m FourPeople ‘
< 't
3 ; iif!!.,'.*"'
L
il nmm!ilﬁﬂn
1 ¥ ‘ " n L L L L
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

9
5 n bl g KRR R

LU

n=a-b”+c 8

n=a-b’+c-d’ (8)
Hrdr, as b e Ml d B SR EMG A SR 24

WA, At TR IS R

R-square, WK 1. X1 a, MBI m
FIFLE BEs X n, BAR exp2 FEALLL expl FRALHU
ERREL, ARSCEFE exp2.

#£1 R-square

R-square
¥ 31
o=ty n=a-b’+c n=a-b’+cd’

Campfire 0.998 3 0.987 2 0.997 8
DaylightRoad2 0.999 5 0.989 6 0.998 8
Cactus 0.998 9 0.989 9 0.998 7
BasketballDrill 0.997 1 0.984 3 0.998 2
BasketballPass 0.982 8 0.966 1 0.995 5
FourPeople 0.999 0 0.983 2 0.997 0

AT PR 5 8 -

Cost(p)=pu-p+v—w-(a-b* +c-d”) 9

WF AL o *IskA#, 4 Cost(p) =0, 15:
p=w-(a-b"" -Inb+c-d” -Ind) (10)

ATt (100 S Hu. av by c M d, K
SR T R AN O A . W w8 —
TR AT RE A (R T [ R bR & 1) 2, b i H AT
FIRFBIE @ I o S ny it () Fixt (8)
BRI kiS50, 3R 2 o mal s,

x2 WAFINBH

il u a b c d

Campfire 0.60 058 1.88 8.46x107"  23.66

DaylightRoad2  0.61 057 1.88  2.63x10°  18.06
Cactus 0.64 0.60 188 436x10"° 2193
BasketballDrill  0.62  0.65 1.84  243x10°  17.55
BasketballPass 046  0.59 1.63  1.50x107"*  32.44

FourPeople 056 054 1.83 2.75x107"°  22.66

3 ZBERSHMH

31 XKBERE

AR I EEAE VVC TIRFE4 (VVC test
model, VTM) 7.0 ESzBl, SR~ > AL A
TensorFlow P15 58, MR 444K H A v ik
BCE F 4 T Call intra, AD B PR FEH3E
224, AFET K AL FIZEE 6 435, i Al
A2 4 10 bit = iE 4, 28 B A4 T 10 bit £
8 bit =iE /T, K C~FF AR PR 8 bit
FEdlo ASCIS bR BDBRP APy} [h]
45 ATR BT, ATR I A[E QP T TR %)
fi, WHERWF:

T ()-T.(i
ATR = E{TR} = %Zg— (l; (l.)" ©

Hrr, T, T,() 73 s AE QP=i I 461 5 Al
Frde S gn it s R],  2=422,27,32,37} .
3.2 ZLHHER

AR SR H DR T P S S T g o S R
T o ¥R BIA RS IR N T I XTI,
AN RER R 0=0.85 NS5 % X
BR[11,23]HIPE AL, =1 INEEN) ATR 552%

(1D
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SCHR[22-23]11 ATR AL ASCHLEEH T 3 A
RIRIEE R, WK 3. Hi, o=0 (p=0) HHZ%
REIA BB KR 1524 0, %7 ROl 2R it
KAMTEH] . ok, SER A RIES T SR T
BDBR Fll ATR [fJs#fE 2 STD, HK/Na] DL %
FEAREAN R P A1 T IR e Tk

LIRSS R, ASCHIAEM AR & RD
REMIAAT T, Smh a1 44 e K Agik £ 67.83%.
[FIESF, B T I R 2 (4 77 51 55 LA 51 11 S 56
iR B, XU TR AR A R

i ). 4 ©=0.85. 1. 10 RERGK T, Hikd
ANFEFFH R ) ATR 35453 51k 31 48.62%152.93%
PLA 62.01%, PERE I3 7000 1.05%. 1.33% LA
2.38%. W, fEANFERGKE, ATR 1 BDBR ¥
AR BRI, BEE RS B RS, SR
i P4, ATR KILRGErER N, 1X%E W
ATR [R5 T2 A4 RD A KR e M AR 1
PEAh, AN 8 bit YR B AR ACRAR T 10 bit
WEETA, A 10 bit SREEFPHIHAT /MR 2L
YN, AR A R I TCIA X ) bit R, F

F3 HIEMRELR

KRICFHEVE  Lei %I{'Jﬁﬁi% Fu A ARSI STIE Yang %[2” AP EEE

% A (0=0.85) ik (w=1) P (w=2°)
BD-BR ATR BD-BR ATR BD-BR ATR BD-BR ATR BD-BR ATR BD-BR ATR
Al Tango2 1.19% 40.19% 0.97% 46.80% 1.72% 54.00% 1.52% 44.57% 0.99% 50.98% 2.96% 57.00%
FoodMarketd — 0.73% 26.41% 0.59% 45.90% 1.18% 53.00% 0.84% 27.29% 0.62% 53.53% 2.62% 44.55%
Campfire* 129% 44.37% 0.81% 42.10% 1.04% 46.00% 1.70% 50.92% 0.95% 49.67% 2.84% 59.00%
A2 Catrobotl 137% 4147% 1.19% 41.60% 1.51% 43.00% 1.85% 4821% 1.05% 44.75% 3.08% 58.43%
DaylightRoad2  1.33%  50.09% 1.17% 45.40% 1.53% 49.00% 1.84% 55.84% 0.43% 60.83% 2.81% 66.12%
ParkRunning3* 1.34% 32.57% 0.52% 31.50% 0.54% 51.00% 1.60% 39.18% 0.82% 53.67% 2.37% 52.95%
B MarketPlace  1.40% 45.40% 0.88% 45.10% 0.76% 52.00% 1.61% 51.18%  — —  299% 64.30%
RitualDance  1.60% 44.06% 1.10% 45.60% 1.14% 45.00% 2.18% 5129%  — —  3.74% 59.89%
Cactus* 132% 51.16% 1.02% 41.90% 0.96% 44.00% 1.60% 56.53% 1.95% 56.66% 2.75% 65.70%
C BasketballDrive 1.26% 51.75% 0.82% 47.20% 0.95% 49.00% 1.38% 54.86% 225% 64.01% 2.75% 64.87%
BQTerrace  1.51% 54.52% 1.47% 4550% 0.79% 48.00% 1.96% 59.63% 2.07% 56.07% 2.71% 66.99%
BasketballDrill  1.54% 48.93% 0.82% 45.70% 1.89% 46.00% 1.84% 52.83% 2.01% 48.19% 3.56% 63.80%
BQMall* 0.67% 57.70% 0.89% 46.90% 0.87% 39.00% 0.85% 61.26% 2.15% 55.23% 1.59% 67.43%
D PartyScene  0.54% 56.58% 0.63% 44.20% 0.46% 42.00% 0.63% 5853% 0.60% 45.73% 1.11% 65.08%
RaceHorsesC ~ 0.83% 54.58% 2.03% 56.20% 0.71% 42.00% 1.05% 59.05% 1.16% 48.39% 1.77% 65.88%
BasketballPass* 0.71% 53.90% 0.99% 44.40% 0.70% 43.00% 0.79% 54.25% 2.33% 45.85% 1.65% 61.37%
E Bgsquare 0.61% 56.22% 0.89% 43.10% 047% 44.00% 0.75% 5824% 0.81% 46.06% 132% 64.18%
BlowingBubbles 0.70%  50.63% 0.91% 47.10% 0.56% 37.00% 0.82% 53.57% 0.77% 41.56% 1.46% 60.41%
RaceHorses  0.75% 48.76% 1.07% 42.00% 0.75% 39.00% 1.01% 52.44% 0.86% 43.17% 1.76% 59.62%
FourPeople  0.84% 52.84% 1.42% 51.10% 137% 41.00% 1.00% 57.86% 2.75% 57.64% 2.08% 67.83%
Johnny* 0.92% 53.74% 1.35% 4620% 1.33% 39.00% 1.54% 60.83% 3.29% 58.98% 2.47% 65.32%
KristenAndSara  0.74%  53.74% 1.20% 4630% 1.24% 40.00% 0.99% 56.04% 2.51% 59.19% 1.94% 63.43%
Average 1.05% 48.62% 1.03% 45.08% 1.02% 44.82% 1.33% 52.93% 1.52% 52.01% 2.38% 62.01%
STD 0.32% 5.99% 0.25% 2.71% 0.34% 4.07% 042% 531% 0.76% 5.57% 0.61%  4.08%
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YN AR 2008 T 5 411

AREFAERY Lei &M, Yang K Fu
IR (RS AT T, X ECROE LR 3.
SEREW], A o=1 I, ARICEETCREN T
A RD PEBERITE T Yang 252212 H i 50305 . [l
AR SCFAEAEAR RIS TR 5 24 15 00 K, RD PR RS IS
SE, 1K KA AR SCRR R A e S AR [ )
A, T BROE BE R SR B SR, BT
PN )7 45 B Mk REHUR 2 TRl Pl . BRI, AR
SCEE AT DA AR R TR i ol T, B AL
[f) RD YEfiE. 75 ©=0.85 I, J#id !5 Lei 2" Fu
AP g o B R Jnn, AE LA MR RD
PEBERIZAE N, AU 4 £ . Fu 45
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