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Abstract: Deep Neural Networks (DNN) have been widely applied to Coding Tree Unit(CTU) partition of
intra-mode High Efficiency Video Coding(HEVC) for reducing the HEVC encoding complexity, however,
existing DNN-based CTU partition methods always neglect the correlation of features between Coding Units
(CU) at different scales and suffer from the accumulation of classification errors. Therefore, in this paper, a
Multi-scale-multi-input Complementation Classification Network (MCCN) for faster and more accurate CTU
partition is proposed. First, a Multi-scale Multi-input Convolutional Neural Network (MMCNN) is proposed,
which builds up the correlation of features between CUs at different scales by fusing multi-scale CU features.
Therefore, our MMCNN possess more powerful representation abilities. Second, a Complementary Classification
Strategy (CCS) is proposed, in which the final depth prediction results for each CU are determined by
combining the results of multi-classification with the results of binary classification and triplex classification
with the voting mechanism. The proposed CCS avoids the accumulation of classification errors and achieves
more accurate CTU partition. Extensive experiments demonstrate that our MCCN achieves lower HEVC
encoding complexity and more accurate CTU partition: reduce the average encoding complexity by 71.49% only
at the cost of a 3.18% average Bjontegaard Delta Bit-Rate(BD-BR). And the average accuracies of 32x32 CU
depth prediction and 16x16 CU depth prediction are increased by 0.65%~0.93% and 2.14%~9.27% respectively.
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FEH.264 ) AV CRLAT 4 i b A 2 B AR 20 50 % FI AR AT
Z, HENEFBHEVCH M E REH A, JoH
FEE KT CTUIREE IR P . BUA 3 CTUREE R4
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work, MCCN) > 5 L 58 i 28 5 #E A I HE V Cni
WCTURBEERI ;o A SCHTFEMCCON BE 5 44 3 21 i
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(Quantization Parameter, QP)E (22, 27, 32F137)
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HARAE L . Qin%E NDERH T —Fh stk 4 it
T /N M 2% (Visual Geometry Group Network,
VGGNet) KRBT RING, A BIEMC 7 WA
il EAFE . Feng®E NPHEH T —Fhiin M HEV Ci
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FHAFI3A B3 LA E32%32 CU IR FE #R4 F)
N0, TACAIXEEAN64x 64 CTU KA 1850, B
ANTFERN 3 BMHAE Z64x64CTUS BRI N
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B, HEIZ32x 32 CUMRNTFE BRI 45 75 M H &
1%32x 320 CU TR 4K 7 416 x 16K ICU, HH
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L BT aEn, ASCHRHICCSRA T 55
WU SRRl A — 2 R0 = TR 5 5, AR 4 Sl
T 2R KA R EAN, W LAZRE R X P R 2K
5 IR KA R BRAG BA  245 11 43 S VR i R 5 SR )
SO, ARGF G 7 BLA T VA TR AR AE R R IR R AL
B, BEKIETE T CTUREE RIS (R HERfa 1 o
3.2 ZREZMNERMEML(MMCNN)

B T DA bRy or SR mE 2 4, BUA IR T CNN
(I CT UV R 43 J7 1208 20 T AN [A) U CU 2 R ()
FROIESCHE. BT, AR —F2Z REZ WA
&M 4 (MMCNN), FFEACCS, BT B
MMOCNN: £F%§16x 16 CUR /3 ZMMCNN (412
Jr7s) A X 32 x 32 CURY =43 EMMCNN (40 [ 3
R)e EFR, ¥LL4rEMMCNN A 347 7 40
IR .

WmE2fs, Hi, AN 7 KEMMCNN
KHTZREZEMARER: L3 MmAN, &%
R RANFE R SFCU: K64 x 6411 CURI N FI SR
12, [FIBTK1%64x64 CUH FTA 13232 CUMFT
AI16x16 CUS N B FE2 M E3H . H HAE
WIRR AN, AR SCEHAF QP 4l 564 x
64 CUBHTHIE:: BAQPEII SR —164x 641
CUBATHIE 4L P2, R — 1 64x64x 215K
BERMABIE LIRS . ASCFENFEE T4NAF K

Conv 64 1 . .
ol 64 _6 Conv_64_3
MaxPool _64_1 Conv_64_2 onv_64_
Original
CTU 64x64 5 e 7
Tnput 16x32x32  24x32x32  32x16x16
2x64x64

Conv_32_1
32 1

QP 64x64

[
Original 16x16x16
CU 32x32 Conv_16_1
MaxPool _16_1

CU 16x16

MaxPool _m

QP1{E, HIEE1N64x64H1CU % A5 A H QP 1E BE
ITIBESE I PFEE, RN BN B 12
Hwk, wTRAKMGSERTN S, E51%
W, EEXT64x641CU, AL EHKRH T —1MPK
A1, BRI A5G ERIEE64x64 CUH
RZRHE, HFEZGHZEZ FEPAT IR < 2/ i K
AL ERAE SRAR B2 x 21X 380 P £ 5 3 ORI, 7F
PRBE R RRAE R R SRR 4, KRR AE P 1 43
R N32%32: RJG B RH23x 3B E kit — &
FEHAITTHREAE, b, SBIN3x3BREN S KA
1, F2M3x3BMERD K N2, FHICKFHEE T
IR N16x16. TEEE290, HIAERH—10
K N1HI3 < 3HIERZ R IEA32 x 32CUKIHFAE, I
HFEFAESRUZE 2 J5 AT 1IR 2 x 2 1 3 Kt Ak
1B, W2 IR E B o HE B 16 x 16, I
FEAI32x 32CUH 1) 2 5 AE S5 SR 1 1) 16 x 16
fEEITEmIE4E B LT, ARG, KPR 1y
TEE A1 3x 3B RUZ A2 < 21 i Kith ik
BAE, K PHEEFRAE I o HE R BE 8 x 8, S
64x64 CUSHE 532x32 CUHEIRI& . 532K
L, KA KNS 3ERZ M —2x2
() 55t KAk 2 5 N 116 x 16 CUBLET A8 x 8 11 4E
TEE, I 55220 v (18 x SR & - V47 18 1 4k
B EPiEE, R R RS MR IE K & g 24

Conv_m

Conv_ml
MaxPool _m],

Conv_m2
]\l;\th!317111225(’

64x2x2

2 “4rZKMMCNN

Conv_64_2

Original
CTU 64x64

Input
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Conv_32_1
__MaxPool _32_1

12x32x32 16x16x16

QP 6464

8x16x16 24x16x16

Original CU
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KNS x 3B FZ FI242 x 21 e Rt Ab 4
SEL64x 64CUSRIE . 32x32 CUSREAI16x16 CU
FHE LG, A3 — N2 X 2 < 641 FFIE
K. 7ELL R T B RHERBOL R, A5
JZ K 2 5% IE $ T (Parametric Rectified
Linear Unit, PReLU) A A AE 2 R0 s EOcR 1
HRFAE H B AR Y - TESERR T 5 T BB 34
IEFREUFIRL & 2 J5, ASCRHSAES ) 2E %=
X2 x 2 x 64 FREAE B EAT 3E— 0 B RFAE S RN 4 H
BN R R, 5AEERZ HANFRGERE
LN 2R, B RT3 RREZ , KA IQP
B 5B BGEZE M5 R EP S —#, —IFRA
IR —NREZ

=R MMCNN 5 43 EMMCNN 43 #H AL,
H X HIM A =4 EMMCNNI A i 232 x 32
CU, FBOCRA TaN4Es2 i a it =
. ZAEMMCNNH =30 EMMCNN )R A2

SRR N EAR R, k(1) s

1 N
L=-—% ; [v7 log, (P})] (1)

Hrp, R MMCNNAF, NEIR16x16 CU
B, yr Mpr a3l RREE N 16x16 CURESLRZE]
A 1280 . 7E = KMMCNNH, NEIR
32x32 CURHE:, yr Mpr 73l Rna:1-32x32 CU
TSI IR 2 G0 R0 I 4% i SR ) . 0 T 4 R
MMCNN, €[0,1], XT=4ZMMCNN, i€[1,23].
4 WO
4.1 BUREMEMNIER

AL SR R T s SR CPTHAICT-VC,
HHERE TAMAFMQPE: 22,27,32f137, AKX
P RUE 2 Jmbd s ()15 AT, 35 e
(Bjgntegaard Delta Bit-Rate, BD-BR) A1 & 1§ {H
{Z Mg Lk (Bjontegaard Delta Peak Signal Noise Ra-
tio, BD-PSNR)4F[45 5 K & & 1Tl A g MC-
CNIPERE .

ATHR IR AL T J7 A0 FHEV C 1 I (8] 5
BE, ATHTHEINR(2) iR

AT — Tueve — Tiest 2)
Tueve

Hrb, TypycRHEVCYRIG T H MIETE, Tk
SCRFH 7 1 BT 5 PR T

BD-BR#J 5 M1(3) s

Dy,
1
BD-BR = D / (Ttest — TEVC) dD (3)
D,

H, DyRID 5 0 s B Bl S K8 AN /s

6, AD=D,~Dy; 1o frgpyes BZEm MR T %

AEUEHEV CI7 i %S B LLRF R
BD-PSNR#JTHE a1 (4) s

BD-PSNR = i / (Diest — Dppve)dr— (4)

Hrp, rRRIEE, Ar=r,7; DM Dypyed il
FoRMAR T IEFIHEV C V6 S PSNRAE
4.2 LR E

TEINLRM B, & — 70 EMMCNN Rl = 43 2%
MMOCNN KA R B S2 56 3 B IR PA72001K
epoch, HLRIK/NKE N 024, KHBENUESE T %
HALSS (Stochastic Gradient Descent, SGD), 3l
wEN0.9, VIUHEF 1% 80.01, HIERNepoch
2 Ja LA E 0.5 x 10 3 T R AR SCHIFT A 58
G #0& fEIntel(R) Core(TM) i7-7820X CPU @
3.60 GHzf1 NVIDIA GeForce RTX 2080 TiH
windows10 64107 #1/E RGN, LLEPyt-
orchi & 2 ST HEZE L 34T IR AT o
4.3 ARG EARERLSCIE

MMCNN A 2 fSE S : N T BB HERAIT
AR SCHTHFEMMCNNPA 80, ASCRIEE T A
M. MMCNN-NoQPFIMMCNN-OneScale.
H, MMCNN-NoQP /A2 QP A it A\ B X 25 H 5
MMCNN-OneScalelll £ /R £ = 7 ZEMMCNN-
OneScalefll =43 ZEMMCNN-OneScale T R % &
EARMHN

ASCAEICT-VCHI 18 MR HERLAI T 51 LK MC-
CN-NoQP ,MCCN-OneScalefIMCCNHJ*F#BD-
BRAIFIJATHEAT LA LSS, HSEIG 45 RNk 1pr
Mo WIRIHPHIZE T RIS 21T7 T 7n, MCCN-NoQP
1EFHBD-BRAPFIATH A 5 THI V% f5 TMCCN:
A HBD-BREIN 1 6.62%, 1 H.75 EIHAETE £
GRS E] . FRIATIRD T712.89% . WE1HHIZE
4T FIEE347 i, MCCN-OneScalefEF-#BD-BR
FFI AT AN 5 AR 7% fF TMCCN: 3 BD-
BRIEHN 1 8.32%, T FHAT A 77.19%. #1
TRUF MR B T ASC AT MMCONN (145 2401k

CCSHIA R HmhsLas . BBRCCS, HIA

# 1 MMCNNMBIEEREL (%)

iniil F-#BD-BR SEYIAT
MCCN 3.18 71.49
MCCN-NoQP 9.80 58.60
MCCN-OneScale 11.50 64.30
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HRIPE T R (SBCS) B H 2IMMCNNH: R
B2/ 4 EMMCNN K 73 K X564 x 64,
32x32F116 x 16 K/NICUMHT 2 B R E LRI 1 =5
FKhiE: HhRING—NEXT64x64C UM 52K
MMOCNN(fir 4 H: /3 KEMMCNNG64) KA W64 x
64MICU RS T EX 4, AR5 H I — A Ext
32x32 CUK 2 ZKMMCNN323k |32 x 32/
CURBFELS, ®Ial%—Mx16x16 CUK

T EMMCNN16K 716 x 16 1) B P 15 75 52
¥l5r. ¥ EMMCNN+SBCSi 4 NMCCN-SBCS,
Rk, HEEBEMCCN-SBCSS5MCCNZ 8 MERE%E 7
REBE HERA VTN A1 SCHE H I CCS A R o

ECPIHR1005K M 4R b, ¥ AR ED
MCCN5MCCN-SBCS7E64x64 CU, 32x32 CUAI
16x16 CU L AR BRIl 43 HEwf R 10 P E BT T L
B 2R, AIRHFIMCCNIEG64x64 CU,
32x32 CUM16x16 CU_E HAR B X 3 1 25 iy 5
#E T MCCN-SBCSHISF IR %, 2 a4 T -
2.25%, 1.04%M3.98% . BRI W, A CHHK
COSHIL &5 & 2 /BRI ML, RAFH S 1 =
SRR oy REE R B B AN, B RUES T IA T
TERAEIE IS R BAURN, BRSO FE IR B T
(AR

B T IRERI e 2 4h, A SCEIEJCT-VC
AT RMCCN 5MCCN-SBCS7E V- #BD-BR Al
SEAT EAT 7R, wnak3fras. R3],
MCCN-SBCS*E V- #BD-BR AT AT A 77 T
#VE S TMCCN: “F¥BD-BREM T 4.68%, “Fi
AT IR 1 4.49%. BRI W, ACIRHKCCS
AL RERE A R TR FE T A e 1, IR Re A Bh T

e R BFIMCCN 5 SCHR[12] A1 SCHR[15]) #1007k
CPIHMI B A b 47 R FE R 40 v 22 1) L ¢ (3R 4
FiR)s R, FRIREMMCCNS T JLEH A
REFHEM TR SCER[11-17)7EJCT-VC L4
BD-BRAATHI L (W5 FT7R) -

WRAFTRN, BEIRAIR B PIMCCNXT64x 64
CU R FEE F00I0 - 357 HE 7y 2 B A T SCHR [12]) A1 3¢
BR[15], 2 HME T 0.68%410.88%, {HAELE32x32 CU
FIVRFE A 16 x 16 CURIRFEE B L, ASCHEH
MCCN [~ 2 #E B 22 1 /8 T SCHR [12) A SR [15]
SR TE T 0.65%~0.93%M12.14%~9.27%.
B, ZI AR I AE B T A SCHR M CCN R
()5 S ML R 0% AR08 S LA T 1k TR AR AE IR AR B
RS R 53 2 45 FEAS 2 4352 i B0 L/ N B
Ry

FE5FT R N SCHR [11-17) B J7 5 AUAS ST H 1)
MCCNAEJCT-VCHTA 184 bR AEALAT IR 45 L
FHBD-BRACF L. dIsm 0L, A
MCCNE A A& -5 52 42 5. AL LA3E
318% I FIIBD-BR AN, FEAK 1 71.49%1)°F3%)
DT . R, ERA SRR M CONTE
YIBD-BRAEIIATH 77 IR T CHk[16], AP
PIATH# S 71.1%, 1 HBD-BR N 171.09%.
R, 53CHR[11-15, 17)#H L, BEARA SR IMCOCN
MRS 2 B SEBL T RIR I R B, ~PIIATH 4
B 19.24%, 9.64%, 7.44%, 11.78%, 5.94%#l
10.86% . FAFZESIRUFHuAUE B T A SCHE HH M C-
CN IR ek

#& 3 MCCNFIMCCN-SBCHIFBD-BRAFEHIA TELEL (%)

FRITHEVCIA CTUIREERI 7 IR . R2MEK3MR
TFHIAIE ] AR SR I COS AR ZE ML (A R4

4.4 RXPHRFESHIET ARILEER

i *F#BD-BR THIAT
MCCN 3.18 71.49
MCCN-SBCS 7.86 67.00

N T BB A S R T TR R, AT

* 2 HRASE: RREIK/NCURRERI S FHERELLR(%)

*® 4 TEEMRELER(E P RFHERES MAEITIE) (%)
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