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Fast Inter Mode Decision Algorithm Using
the Information of Encoded Coding Units for HEVC

XU Dongxu, LIN Qiwei, DONG Xiaohui

(College of Information Science and Engineering, Huaqiao University, Xiamen 361021, China)

Abstract: In order to further reduce the great computational complexity for high efficiency video coding
(HEVC) inter prediction, a novel algorithm using the information of encoded CUs has been proposed in this
paper. Firstly, at each depth level, the lengths of all the MVs which are from current CU and spatially or tem-
porarily adjacent CUs are used to decide 2N X 2N partition early. Secondly, by using the minimum RDcost of
current CU and the off-line pre-set threshold values, the split of CUs which meet the requirements can be early
termination. Experimental results show that the proposed algorithm can save an average of 37. 8% of the enco-
ding time with negligible loss of coding efficiency compared with the original algorithm.
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Fig.1 Recursively split technology of quadtree of coding-units

K1 AR IR L HEVC T2\ SKIP/Merge B WA $5 0 Gintra PUD 8 2 A7 i 8] 4 Fil
PU /&R ~F, W 2N X 2N(N=32,16,8,4) ,2N X N, N X 2N 3% H H A i /N RDcost 46 2048 Wy e
T ASE XL A 5 > R B N R R /N BE R BE 3D R T % T AMP 43 #1855X L B X 2N X U, 2N X
nD.nL.X2N Fl n RX 2N #1728 gk i1 . 276 i A 45 H 19 RDcost, 36 H S5 8 1) T A 2. 7E HEVC
o NXN B HBEFE /N1 CU RS BEA 9 AR, 2R /)y CU A RGH 2 8 X8, T[] N X N #2X ¢
HEVC &gl A% kgt I 76 2 SR e .

2 PREMEE R RE X

2.1 ETF RDcost By CU BRI & IEH %
Jmode = (SSEjuma + Wenroma * SSEchroma ) + Amode * Bimode» (D
D 1 B 2 G 155 FIT BT 20 FE AR B s Aoac A PLHE B H B 5 SSE, i A 25 HIF 19 55 B2 B 5 225 e 2 1]
FR) 35 75 ZEAE AN 5 SSEchroma A 24 1T 1 €5 2 P 15 H 2525 P 22 18] 19 289 07 28 1B M5 wocneoma A9 €0 3 B B IMAL ) 55
J moae HSRAT 1 385K EAR MY

A CO A A BB S P ) HEVC 5 0 it ] F5000 12 336 051 8% 5 2X00) 25 b g 1 3 1 E 47 56
KEAA (RDO) TSR AG SR L i 2 i 70 FIRE . W B 1 A CU k#1445 CUL IR 4% CU
B J mode — M2 BER AN 2R % CU B gE— 220 B 4 A7 CUVIB A% CU B J s — BB/ THIE L 372
DL R : RDeost 4341 W] B8 BA — & A9 FUAEME 7T LU R 200 1 24 o] S S H A a0 B2 1 31 5

S UE B AR L 0 4 T 4 HE AT OR B RS2 5 . LABIESE RDcost B 4 A W] 77 47 1 43 A1 15 0. FR T
o W 088 BCHL mp — A S AR A e 471 R B R 15 6B . PartyScene 5 81 76 AL B E0(QP) 2 37 B, RF 2k 16 X
16 By CU Hhr i CU FIAZ>EIH CU % 3 RDcost 19 BUE > A 500, i 2 FroR. 8 2 hen 2 CU
He d I 2 AT AN 53 H) CU i RDcost 8 H 78 AR /MBI Bl A o O 52 000 1E 25 0 A — 10 e ™ e
5 3% CU # RDcost 43 HUTE AR 8 KAB 136 Fl A, JL T8 5 1] 2 B R Ae bl DL B ge k25 3R & S

http: / www, hdxb. hqu. edu. cn



488 A R e Al CA R B 2R O 2016 4F

thig T T RDcost ) CU 43814 BT 26 1k 55 3 1 3h L. 00T
i ANHL A 2 AR VE ) Threshold R0 CU M9 250 | §
H,—HXYEEEN CU &AL RDcost /N T Thresh-
old s U/ TT 28 1 2 if CU f ik — 4543 1 4 30, B B3 4% F
YR BE 5 35K 0 35 R (R B P 80 5 2 Y
MEA R AT 4 Threshold 76 % % BUMERESI 6 5 100}
i 52 7% I WK /0 22 1 A B0 R0 B FE L — 7 T L R ot &
Threshold B8 Aok . I AT L4 75 51 77 30 ) i 12 B[] s 21> - L
HHRR AR A B S MK ) —Jrm, iR 0 100000 200000 300000 400000

—+— PartyScene [543 E i) CU $1
b —+— PartyScene P4 ARSI CU %
200 ik

Threshold

RDcos
Threshold Buig K /)y, 898 7T DL 38 2% 71 M 8 19 1 2% Tk t
artyScene 1 cos
/AN AELAE DR 6 4 D A A 247 L 2 PartyScene JE 20 RDcost BT

Fig. 2 Distribution of RDcost

25 b A e BUF  f GE T Y AU M RTIRE R CU
(AR 43 FEHE 335 3 90 % 2245 [Ml B, i F RDcost &
T QP Fr ABHA T A QP B & b A fk. 15 1 i = 41 B (53 36 I F 64 X 64,32 32,16 X 16 (1)
CU 73514

in PartyScene sequence

Thry, = 2 270 X exp(0. 890 7 X QP), (2)
Thr,, = 722.2 X exp(0. 109 6 X QP), (3)
Thr,; = 228.5 X exp(0.113 6 X QP). (4

FEIR 5 AR ] 43 e 23 3 3 4% G 4% A A IR0 FE 910 E T2k (2) ~ (4 7 51 B0 48 1 A 2k (2.1 5%
). QP H 22,3755 A4S 20 BT R HM 10, 1 JSERGMIE CU R f 33 76 437 CU i 2 1 i
SR AT SR A B LRSS N 1 R, & 1 — R & PR CU RO
o HEARTR 23 B U 4 S 1 7 BV RE 5 4

% | AT 4R B O35 F RDcost 19 CU 403142 5 26 1380 00 6 b 3 Cp) o 8 40 Tk 90 76
7 QP FHSEE T 90 %L I

# 1 LT RDeost iy CU 4 HIH 2 1L 557k frh 2

Tab.1 Hit-rates of RDcost checking based on early split termination algorithm

7/ %
Ay E R QP BasketballDrive PartyScee BasketballPass BQSquare Vidyol 77:.“»/%
1 920X1 080 832X 480 416 X240 416 X240 1 280X720
2 — — 97. 4 — 78.3 87.9
64 X 64
7 97.5 — - - 97. 8 97.7
2 90. 8 98.7 93.4 — 85.3 92.1
32X32
37 99.4 98.7 99.5 98.0 99.3 99.0
2 97.6 92.3 96.0 80. 7 96. 4 92.6
16 X16
7 99.1 99.8 99.9 99.8 100.0 99.7
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Tab. 2 Probabilities of 2N X 2N PU partition being optimal partition at different depth levels

- / %% /%
551 T TReT 731 W oo ara
0 45.7 60. 5 0 33.1 44. 8
BasketballDrive 1 65.6 77.3 Kimono 1 64.9 73.5
1 920X1 080 2 79.3 86. 8 1 920X1 080 2 83.4 8.9
3 87.4 93.2 3 88.1 93.4
0 33.3 33.5 0 70.5 80. 1
PartyScene 1 33.9 42. 6 Vidyol 1 83.8 91.2
832480 2 50.7 67.2 1 280X720 2 93.9 97.3
3 74.3 85.1 3 98. 3 99. 4
0 68. 3 81.5
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1 280 X720 2 93.2 97.8
3 98.0 99.5
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L = max{/(MV,),[.(MV,),[(MV,),[(MV,),l[(MV;),l[(MVy)}. (6)
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Tab. 3 Hit-rates of MV checking based early 2N X 2N determination algorithm

i 51 w/% , ,
QP=22 QP=27 QP=32 QP=37

BasketballDrive 74.6 86.5 93.7 97.2

PartyScene 97.9 91.6 93.7 96. 3

BasketballPass 98.7 98.2 97.9 98.2

BQSquare 93.8 89.7 94. 8 97.5

Vidyol 98.9 99. 2 99.6 99. 8
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Tab.4 Experimental results comparison between our overall algorithm and paper [7]

I e XA SCHRL7 5k
BDBR/%  Y-BDPSNR/dB At/% BDBR/%  Y-BDPSNR/dB At/%
Class A Traffic 2.305 —0. 064 —49.5 0.556 —0.015 —22.2
2 560X1 600 PeopleOnStreet 1. 647 —0. 066 —25.4 0.063 —0.002 —17.1
ParkScene 0.510 —0.014 —30.6 0.418 —0.012 —20.6
cl B BasketballDrive 0.586 —0.010 —36.2 0. 406 —0.008 —20.1
“lass
Cactus 1.564 —0.030 —37.3 0.397 —0. 007 —20.6
1 920X1 080
BQTerrace 0.374 —0.009 —28.2 0. 144 —0.003 —22.2
Kimonol 0.581 —0.018 —41.2 —0.271 0.008 —19.3
PartyScene 0.998 —0.040 —20.3 0. 361 —0.014 —16.6
Class C RaceHorses 0.075 —0.002 —16.7 0.092 —0.003 —17.1
832X 480 BQMall 2.033 —0.075 —38.7 0.233 —0.008 —21.3
BasketballDrill 1.908 —0. 066 —41.6 0. 436 —0.015 —19.9
BasketballPass 2.435 —0.104 —43.8 0.543 —0.024 —17.6
Class D BQSquare 1.328 —0.048 —26.8 0. 194 —0.008 —14.3
416 X240 RaceHorses 0.391 —0.017 —7.6 0.094 —0.004 —11.0
BlowingBubbles 1.452 —0.051 —17.7 0. 354 —0.013 —13.0
FourPeople 3.081 —0.093 —73.6 0.508 —0.012 —28.7
Class E
Johnny 3.494 —0.069 —73.2 0. 306 —0. 006 —28.6
1 280X720 .
KristenAndSara 3.422 —0.090 —72.0 0. 489 —0.011 —29.1
- YIMH 1.566 —0.048 —37.8 0. 296 —0.010 —20.0

HI 4 AP SO B AT LA 48 37, 8 V0 i g I [a] L [) i) A7 0. 048 dB #Y Y-BDPSNR 451 %%
PAK 1.566 20 (% BDBR 340, 3Cr 42 i) RDeost il MV {9 B {8, ] LABH & AS [7] 18 B 3% 45 BEAT R0 1)
P — 7 T X TS Ik R A R A 3 s nT LAGE 2 0 {2 A 7 24 A B2 T B sl A R
ER I EOPERE A9 45 2% o 28K 5 5 — T3 T X L0 ot BEOR B 9 37 5 T L BE L BRI Y/ Rk
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