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INTER PREDICTION CODING AND SIMULATION OF
THE NEW VIDEO ENCODER STANDARD (HEVC)

ABSTRACT

Inter prediction which uses motion estimation, motion compensation and inter mode decision
is the key point of video compression technology. Different inter prediction standard and
algorithm will make a difference on the encoder performance. The paper does research on the
inter prediction standard and the inter prediction algorithm of the reference encoder software
HMG6.1 of HEVC. Further more, with the inter prediction algorithm of H.264 real-time encoder,
the paper propose a new inter prediction algorithm used in real-time encoder of HEVC and four
kinds of improved inter prediction algorithms used in HM6.1 encoder. The four Kinds of
algorithms are carried out in case of UHDV(4Kx2K——4096x2048p@30fps -
3840x2160p@30fps) to validate their performance.

Integer motion estimation and inter mode decision affect the performance of the encoder
directly. Under the premise of not an obvious decrease in video performance, this paper utilizes
controlling the number of search points and the decreasing a little accuracy in integer motion
estimation part to reduce the complexity. Likely, the paper utilizes several mode early skip
algorithms in mode decision part to reduce complexity. Then the paper verified these four
improved inter prediction algorithms though simulation in HM6.1, and these experiments achieves
a good performance by obviously reducing the complexity as well as not obviously affecting the
video performance.

Overall, the real-time encoder algorithm and the improved algorithm which based on the
HM®6.1 encoder were proposed to achieve better performance between complexity and video
quality, and proved a better performance.

Key words: HEVC video encoder, UHDV, inter prediction algorithm, inter mode decision, inter
pixel motion estimation
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10 #B4y, HOHTH HEVC FrdE T ITU-T 5 ISO/IEC WA ZH 21 IEAE I & s



\YFLAAY

&
s/ SHANGHAI JIAO TONG UNIVERSITY

F—KASRES (HEVC) REimiElfulgmmis R inE

H.263

H.261 == H.262 -
H.263+

- H264

N HEVC

MPEG1 - MPEG2 4~ MPEG4 (Part2)

- MPEG4(Part10) - MPEG7 — MPEG21

B 1-1 AR abriE R R s

1.2.2 HEVC K&k

HEVC, t#liFR{E H.265 8% MPEG-H Part2, & — M EAFrdE R %, & H.264/AVS
SRR AR R AR R . BT ITU-T 5 ISONEC P RHL# T — N gD 227

(JCT-VC) L [HEHiE HEVC trdk.

2010 4F 4 F, JCT-VC {4 = 4l & Wi 4 7 1 % Tl & HEVC FrifEZE — kil &
W EHASE T 35— A4 i bR vk 44 K : HEVC(High Efficiency Video Coding), 32 1 AD HOC
N, AR ATISAR AR RN T PR AR S, WP E T 2012 4 7 H S8 U 24 A o

2010 7 7 H, JCTVC fEHi -+ H W B A I 7 5% Tl HEVC P H 4 br i 1) 55 — ik 2=
Wo W EF TN THEAS % ORR AT S B PE RS0 IE .

2010 7 10 H, JCT-VC &) AT T KTl E HEVC ML 4abrdE 2 =Rl &=
FHET HEVC FRAES — IO R A HEVC S35 B4 gn fitis 2% HML.

2011 4F 1 H, JCT-VC fE&HE KBS 317 H I 7 5% Tl HEVC PR e bn ki1 25 1Y
Rz 22 EHE T HEVC bRk 85— RRE LA B 2 2% Jnff i 2% HM2.

2011 4F 3 H, JCT-VC fEhi+ H W BLIRA I 728 Tl HEVC FAE i br e (1) 26 Tk
2o W EHE T HEVC AR5 = IR LS AARXS B (1) A 2 7% dm RS 45 HM3.,

2011 4F 7 H, JCT-VC fEE KAFEHEIE AT 7% T e HEVC FAE 4 britE (1) 2 75 ik
2o W EHE T HEVC ARl 55 VU AR 5 S AIAR T B (1) #1278 Jm iR RS 4% HM4

2011 4F 11 H, JCT-VC fE%i+ H W R AT 17 o8 T-ilE HEVC P e dn i 1) 5 ik
2Wo W EHE T HEVC ARk 5 ARG AAR XS B (1) #1278 Jm iR A 4% HMS.,

2012 4% 2 H, ICT-VC {E K H AT ZE A IT [ kTl € HEVC AL S bt 1 56 )\ 2 il
2 bl E T HEVC Ak 2 7S R AN B A 225 nff g 48 HM6. JCT-VC /N THKI
F 2012 4£ 7 A A HEVC CD W%, 2013 4E 1 A HEVC triEIERER, /S IRE R
B FRAME C A ER K. AR L HEVC AR R UKL HM6.1 ZHgmILHR1E NS4
HRFEAT IR S -

2012 4F 4 H, JCT-VC fE&i+ H N LIk FF 18Tl HEVC P e bt 1) 56 LIk
W T 201245 H 16 S & T HEVC Frifk 2 LhE X .

1. 3 HEVC fR5nZ4mAL 143

1. 3.1 HEVC AT A G T. A

HEVC M T — R 5B A 5 S o 80% i gmhs T AR, Joh .

(1) B70:  H.264 ifdl32H (Block——16X 16 (52 XIK) MEAL, 024 T 24
TP — it R o A T 2R . R B — AN B, Rl 2 U — N TEAE B R
B DL — NS A R R A Ak . TITE HEVC HeRA T — NS ——3
76 (unit), FRIGABRERERIR ST B R B B R RO, TR AR AR ER A R S B R A
AMES. FrUAE HEVC FRFERRE X 2R R R 228, i ifs BARTE

o2 71 581



s/ SHANGHAI JIAO TONG UNIVERSITY

F—KASRES (HEVC) REimiElfulgmmis R inE

BHERTTEY . B S IEA R, TR BT RR R R, B ngmid T
(Coding Unit). Tl % 5t (Prediction Unit). A8 #5155 (Transform Unit).

(2) Gt ET: Gl B 702 HEAT WO R) T LA K ot 9 TN 73 5 4 50 FR) 2 A BT 70 O skiip
A1 non-skipped #i#f. Xf - skip ZmA 870, AT EH —B0E], B G E TS — AT
B, MMz R EREMBRLZ. X T non-skip HI4miSETT, AT LA FH i 18] 2 L
(INTER) 5 Wi N 4L (INTRA) . HEVC " gmhith LIt i) K/ AR A5 (), Al LLEL 8x8 (Smallest
Coding Unit), 16x16, 32x32, 64x64( Largest Coding Unit——LCU), 1c.fi 2Nx2N(N=4,8,16,32).
BEIE I 40 094 A LCU BEATHAY, R Rgmi% R Tc (LCU) AJ AR IY S (Quad-tree)
(177 2R3 BN S EL T (CUD, BNt B 7 AT DAk — 24 73 4 S /N g 520
HER/AHIEFETT (SCU), B 8x8 MR ER X, Wl 1-2 fix. £ 2RISR ITo)
FE AT R G B RS PRI I, % T 2 e 4 A AR R R 3 e

Level 0

Level 1

Level 2

Level 3

B 1-2 LCU WA H A wmiErEE
(3) TR HATC: Yfidh B T ] LAy E1 s T o e A ot P 000 B ot (] Foamd ot py S0
FIFRIM BT T, 23 E109 2Nx2N B0 NxN(N=4 1) i) 500 £ 2 65 200 ml L 23 %1
8 FhFI AT, 2 Hlic 2Nx2N, Nx2N, 2NxN, NxN, 2NxnU, 2NxnD, nLx2N, and nRx2N .
BT PURR X FR 7 B, a0l 1-3 Fs o S PURORAEX RRT RT3, 20 BB AN X R
KNEEEI N 1:3, I 1-4 R

2Nx2N Nx2N 2NxN NxN

B 1-3 X #R5 HI R £ T

64 64 16 48 48 16

16

48 64 64
48

16

B 1-4 AXTFR 7 H o
(4) AR TT. AR TT RN 4x4 % 32x32, A TRE A EEmAS R E, AT B2
BAICHIRN T X T R gt e it Wi Py R AR He SR TG, R T B g A 4 B
TCRIATT AR R AR I, 5 T 576 /AN XS B
(5) WP TIM: P TbT g TR0, 35 AN Al R Tl it R

03 71 581



) X FXALE

&
s/ SHANGHAI JIAO TONG UNIVERSITY

F—KASRES (HEVC) REimiElfulgmmis R inE

(6) WAl T Merge X F R T SKIP #x0f1 DIRECT #ixX, EiashREN 8 b
A ST EA A2 RN 4 B 1/8 #difd

(7) JfE4ats: CABAC

(8) MEEJEN:: RHUER . HENFEARE (SAO). HIERMIFHIER (ALF)

(9) FEAKEEE: W IEEEREANS B

HEVC WA g i A v = T T 1] 8 =i AR A i (4096x2048p. 3840x2160p), EA LN
B 55— PEREE, JE4ERYEESE H.264 (1) 50%; 55 . H&Em, HI4ER H.264 =1
PA b 3= HAW, 7€ HEVC bRt Il TR ZHmia gaidsiR, XT HEVC 1
REMHE mie 2] 1 e AR

1. 3. 2 HEVC #{Agmis i fe

HEVC Ar#ERH T 17 H.264 FHIFI IR & 9D 280, KA T Ml B0 ot (el Fu . A8 36k
B AN REA . EPUER . AL ERAR o ol A SR A A A S B ke v Bk 7 )3
(A B TUAR T S0 A FH 225 k- A S T 00 R B It T B 045 BT, A8 2k v B B
WIS TR, ZSHuEd 22 S A S 8 e J5 (RS, CABAC Jiti g i it i J5 45 21 1)
FLRR IR HEAT IR 46 . dmid R E 45 M - 1-5 FR .

Fn i Dy, ) Entropy
) > %%*Ew’ﬂﬁ” Reorter (B

Fro | sEanibe | ~inter
(BHi) ve ’OEF
p
RECES W |y
S5 Intra intrg
T X
+
q D!
F UFn e R
S e C Sk [ o 1

& 1-5 HEVC #5545 F HE ] 1
B 1-5 P R R0 B Im, & Wik o N T ARG T T g . A
G BTG HEA T T P S R SR 1 B SR AR ) — Rl gDy 3R, AR JE I O g A 2 TR,
FH 24 T Hel 2 TR B AT B 5k 2= B, B ik 22 gt AT A8 fb . Ak, Fagmig. P s g
A AL S Pk ZE G b AL, TR0 gt ARG A S b, AR5 Ze BRI 15 21
M. AR RR [R5 3 B AR A R

1.4 FEMRAS

HEVC & — Mg A i s, w] DASCHE-E @& 0T 51 4096x2048p@30fps.
3840x2160p@30fps [F 4 ffEib AL ¥ . HEVC ArdE7EAH [ FRLAIBT & (PSNR) T2 L H.264 &
5T A%, R VI E IR RRIR S A, H TR S A A A i B PR RO, T
Ibig S B NS HEVC SEI S 2% 1R R . i8] Tl & HEVC Mgt R e hic 5
15K (50%-90%) (1, I rhlt [|] T AR SR R AR Rasah il Rk . RN AE
B B R e SE R e, R R it ) Yt S0k 1) is B

o4 71 587



s/ SHANGHAI JIAO TONG UNIVERSITY

F—KASRES (HEVC) REimiElfulgmmis R inE

ANV HG HEVC Wi la] FE A 44, HEVC i8] Fi odk sy . ek Sk i ik
PERAERE AT V-G 3 AT ZE . HEVC MUATARAE ) w8 1 BE A2 DAL ST 2% B AR 11,
N T BARBEIESIU ST AT, ORI AR A e, B R O A AT ok BB
FIS Y R R UG I8 (4 2 RS | 43 R U 0 B B i 28 1k 1) 2 A AR RAEH L 9%
ASitEE, BTEGEERE], N TR SRR, T TR S SO SRR,
A PATE A IR AR AL K 2 iz s R BRI R E N, £ FERER L2
A HIL Mz sh R BRI B 2 F R TR BARE ARSI o A EA SO B, 2
F2 A ol 820 A1 o 1) S0 S B AR 4% 2 PR SRV R R T DA (PR A S B e i1

FEARER PR 2] T # T HEVC it 8] B A (AR E R D) e \HEVC 2% 45 2% HM6.1
R ) SR 092 3, AR HEAT T WU A) O SVE R AL . SR H.264 SIS A a8 ot [ T 5 v
Wit T HEVC SZi g B as it /5] i 5092, 34T HM6.1 4t 237 & BE it H 17 i ) F50m) gk
SR o M [R) FUIN Sk SR VRN HEVC SIZH G A 2 Mol (8] F0 45072350 43 SE LT~ HMB.1 w281 &
B FEASER BRI BE B R4 R ORPEAC T i) F B SR e BB, i 1 bl

ARG A LR TN 2

LRG RIEH . BB RIS THEIE Y% E H.264 F 16x16 G Rz
TR, fEiEah i fE @ hash FVE R BRIIARGE R, wHliEsh it 2 S A4
Fe43 R SKIP M e 5 1 JE U B4 T AT £ 00 s AR5 MR E HEVC Frifk P o287 Tz s 8 &
131770, F8 T Merge B EVREIE SO ST H Y G456 H %L HEVC %4414
% HM6.1 AR 2 B ity T35 20 S e AN B S5 BRI I e 1) s R B R Rz sl il i H 5 vk

2. R A R R . SRR H.264 tRRE R I, #E HEVC Sk R
T 4ETE SKIP 2 aTZ¢ 1k [A—2 2Nx2N e PU Al BI& S 505 RE4 6
HM6.1 BEU A B B HEVC Bk

3454 ORI AR g ANl THRE AR AN B2 HM A [a] Tl i) Sk AT 42
B N T AR RCHUIER AT Lk, Bk TR RS AN TR, R SR i — b
e HM i [a) 0000 580025, 8 J 49 31— o7 /)N P55 400 35 A0 R ) T ™I RS o AR o [ 93
WizE &M —2NI7, Hat.

AEEVT HEVC i[RI BN EE AT TR et 00l FoREMREE . b 2 [k
B P ST &

1.5 ZANICLHZREER

B, RS, B RAMFEIUIR. BRI . HEVC MUAgRID i F Zt
FLN A LA A SO 2R 4584

B, MR TSR AR WARFAEE TR, IiEsIRE (MVP) T
P, Merge THbR, LK HEVC 2% w2 HMG6.1 i [a] Fi &v2s. QA B Ak, iEshil
T

W=, MR HM6.1 Wil 50 5002 5 H.264 Sk 2w At S i (8] T 35 HEVC S
St A Wi I B, b EdE PomiRag ik TH R R A I A R B, SRR R T
Gt SR RN G A 1 RE P N T TH, SR T 22 255 B 28 RN i 38 2R /N B0k S v 250 K
o AT IRAESCI g gethft, ARERRIEET HM6.1 4ifid 2T & Wit 1 i fa) T el ik 535,
AR RIS BT F AT 7B, FB 5 SBI T SN SRt 2 i (] T Sk

FIUE, 7E HM6.1 i s & L8R 0 BO0-Em (o) 00 ok S92 vk g, it sii g
F BB IE WA RO SR, e Ja S IR o R 0 B9 R R R 1 RE PR

BAHE, 450, MNALTIERRLE.

% 5 71 581



X EXALY

SHANGHAI JIAC TONG UNIVERSITY

F—KASRES (HEVC) REimiElfulgmmis R inE

NIV IIGESE L



F—KASRES (HEVC) REimiElfulgmmis R inE

"X HEVC pq1ja) MR 1T 45

2.1 HEVG o |a] 750 2w A5 A 4 & 41

HEVC i8] TR Hef0 & 3845 Kissh ittt . WAR 8 ah bt @b, mm s 5|
LTI, HAREN T B KPR 1A FH 25 45 3 T e 7 Bk [ 4s  f045 B0, DUk 2
JE4ERS R H K. BiEs it EEEs R E (MV), BB 2 8-i 8 04 4 i ) R i B
JLIZFNR BTN R TE s R E (MVP), A5 Hizshk &L millissh kR ERFiEshk
B (MVD=MV-MVP) #17&H. nf LINIZ3h ks (MVP) BRiERs, Bl Zgmid i)
Gt BT ZE R ) o

2. 1.1 HEVC g [ FROMHr 3 HoR

HEVC i [a] i JR BE 55 H.264 #HIF], R HHECT H.264 Hi 7 — L&) 4abs T 5,
BT — ey Ag iR, BRI gD R IR 4. P A

(1)GPB M= B ) TR P U0 ) R B itied i {2 25 Wi %1 3% 1istO A1 listl AH [RliX — 75
E4i— GPB il, I HRH T BE 275 Mi(combined-list) i 77 A2 5 T 4 RE .

()ZZHWiwl: £ HEVC 12 WifEs 4138 T B2 vl LUk F| 33 i, #2118
SR RIGHEAUERAE, i AR R &

() H &ML TG : @3N TS 2 T 1K/ NBE 3 225 - G R ot 1) P 9 32 T el e 1
Ak, FEE TSR EERAE ), WIRE T IRES BN RCR.

(A A=A ME: HEVC HEET 8 [ DCT AR 1/4 SoREAGRME AL T 4 By DCT L4611
1/8 B FRAE A BT H.264 I AR ZAGE T & 58 9k i

G)FNIEsh R E MVP: BT TEsh KB IEEEsI R EMNE SERNRE, Eidk
TR IE B % ARG TIE 3 % B AR H 0 2R 51 RIS a5 2 TE 3 < &, KD
T EH T IRIE B R B W iR T R A i 1R

(6)Merge #ixX: £ HEVC ' Merge #302 SEHL SKIP A1 —F0 730, BiAEiEs) R E
WAEF % . H Merge B R AT SKIP #38, T INTER #5520 R #lil i ocizsh k&
FIFIT, A 7E INTER AN 28 4018 2410 Merge #5238, IAMEIZ 3% &, AUEFL % . Merge
1R H.264 H SKIP #5XF1 DIRECT B4, & HEVC Mt ja) Tl A Bk £ K (R A8 4k

()AL . HEVC AZ L 1 ATl £ B () S8, H 2 BT A Tl 1 A As J& T
A AR R R TGt MAEA SR A T U .

B)IZENL A RN A 7E HEVC RR T 25T 2400 5% 25 Fl (SAD) FI 2 it gy
1SR (SATD) [T TisghRg AW, WAl (2-1) MA (2-2) Frow; Fidk
TR T AR T 2 g oo WS, A (2-3) B,

Jpred,SAD =SAD + }\pred * Bpred (2-1
Jpred,SATD =SATD + )\pred * Bpred, (2-2)
Jmode :(SSEIuma+ Wchroma *SSEchroma) + )\mode * Bmode; (2'3)

2. 1.2 AR R {E TR

WAG R R TEMOTAR 28 il AR R I A MER FH 2 1) P, 7E HEVC HE
GEIGERHAH 72T 8 M DCT A5 (1) 14 st FEHR{EA 4 By DCT A8#e(1) 1/8 (L EHH{E, Wik
2-1 M5 2-2 fIizs.

#
~N
b=l
H
&
=
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R 2-11/4 ZRETEIER 8 sl R

(A= TEP A R
1/4 {-1,4,-10,57,19,-7,3,-1}
2/4 {-1,4,-11,40, 40,-11,4,-1}
3/4 {-1,3,-7,19,57,-10,4,-1}
& 2-2 18 TREIEIER 4 BrigBas RY
(A= TEIE A R AL
1/8 {-3,60,8,-1}
2/8 {-4,54,16,-2}
3/8 {-5,46,27,-4}
4/8 {-4,36,36,-4}
5/8 {-4,27,46,-5}
6/8 {-2,16,54,-4}
7/8 {-1,8,60,-3}

U4 SEREARE NSRRI 2-1 s, s RO BR RS, HRNEEER A,
A BB SRS E R

Ay Agq | 8o | Do | Coor |Ad Ag 4
Ap Agp | 8op | Dop | Cop |Aus Agp
dip dop | €00 | Too | Boo | Dio dzo
Mg Nog | loo | o | Koo | Pio Pao
Mo Moo | Pog | Qoo | Moo | Mio N2g
Ay Ao | Bos | Pos | Cos |Ass Azy
Ay Aoz | 8oz Doz | Coz [Asz Agz B

2-18 Fr /4 REHERRE
1/4 S RERRE AR AN N Fros
(1) xAi, j=Clip3(0, PicwidthinSamplesL — 1, xIntL +i )
yAi, j = Clip3( 0, PicHeightInSamplesL — 1, yIntL +j)

A5 H shiftl= BitDepthY — 8, shift2=6, shift3=14- BitDepthY. Kt Ai, j NG K =
B, 14 WARER S50 BEAE 20,0 30,074 LA R 1321

(2) 14 % 55 20,0, b0,0, €0,0, d0,0, h0,0, 0,0 F1 = FE AEKs FH Ilfe s B 4% 2 s e FE (BN 8 By
JEPARTH AR, A PR:

a0,0=( —~A-3,0 + 4*A—2,0 — 10¥*A—1,0 + 57*A0,0 +19*A1,0 — 7*A2,0 + 3*A3,0 — A4,0) >> shiftl  (2-4)

b0,0=( —A-3,0 + 4*A-2,0 — 11*A—1,0 + 40*A0,0 +40*A1,0 — 11*A2,0 + 4*A3,0 — A4,0 ) >> shiftl (2-5)

0,0=( —A-3,0 + 3*A—2,0 — 7*A—1,0 + 19*A0,0 + 57*A1,0 — 10*A2,0 + 4*A3,0 — A4,0 ) >> shiftl (2-6)

8 7l 581
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d0,0=( —A0,-3 + 4*A0,-2 — 10*A0,~1 + 57*A0,0 +19*A0,1 — 7*A0,2 + 3*A0,3 — A0,4 ) >>shiftl  (2-7)
h0,0=(-A0,-3 + 4*A0,-2 — 11*A0,~1 + 40*A0,0 +40*A0,1 — 11*A0,2 + 4*A0,3 — A0,4 ) >> shiftl (2-8)
n0,0=(—-A0,-3 + 3*A0,-2 — 7*A0,—1 + 19*A0,0 + 57*A0,1 — 10*A0,2 + 4*A0,3 — A0,4 ) >> shiftl (2-9)
(3) 1% % £ €0,0, 0,0, g0,0, i0,0, j0,0, k0,0, p0,0, 0,0 HI=E/E (¥4 i a0,i, b0,i and cO,i
(i==3...4) N 8 Mriguk#iit HAR], Wk Hs:
e0,0=(—a0,-3 + 4*a0,—2 — 10*a0,—1 + 57*a0,0 +19*a0,1 — 7*a0,2 + 3*a0,3 —a0,4 ) >>shift2  (2-10)
0,0 = (—a0,—-3 + 4*a0,—2 — 11*a0,—1 + 40*a0,0 +40*a0,1 — 11*a0,2 + 4*a0,3 — a0,4 ) >> shift2 (2-11)
90,0 = (—a0,~3 + 3*a0,~2 — 7*a0,~1 + 19*a0,0 +57*a0,1 — 10*a0,2 + 4*a0,3 — a0,4 ) >> shift2  (2-12)
i0,0 = (—b0,—3 + 4*b0,—2 — 10*b0,—1 + 57*b0,0 +19*b0,1 — 7*b0,2 + 3*b0,3 — b0,4 ) >> shift2  (2-13)
j0,0 = (—b0,—3 + 4*b0,—2 — 11*b0,—1 + 40*b0,0 +40*b0,1 — 11*b0,2 + 4*b0,3 — b0,4 ) >> shift2 (2-14)
k0,0 = (—b0,—3 + 3*b0,—2 — 7*%b0,—1 + 19*b0,0 +57*b0,1 — 10*b0,2 + 4*b0,3 — b0,4 ) >> shift2 (2-15)
p0,0 = (—c0,-3 + 4*c0,—2 — 10*c0,—1 + 57*c0,0 +19*c0,1 — 7*c0,2 + 3*c0,3 — c0,4 ) >> shift2  (2-16)
40,0 = (—c0,—3 + 4*c0,—2 — 11*c0,—1 + 40*c0,0 +40*c0,1 — 11*c0,2 + 4*c0,3 — 0,4 ) >> shift2 (2-17)
r0,0 = (—¢0,—3 + 3*c0,—2 — 7*¢0,—1 + 19*c0,0 +57*c0,1 — 10*c0,2 + 4*c0,3 — 0,4 ) >> shift2  (2-18)
1/8 o FE A E M EERAR I 2-2 Fos, BISEA R s BB R s, KR AR E A
AR AR RE H

Nagq (Nbg_4 |NCo |Ndg_1 [N€g_1 | Nfy 4 |NTg_4 [NNg_4

ah_4o| Boo |8Dogo | 8Can |80yp |B€00 | 8fop |800.0 [@Noo | Big

DN 40| D3g0 | DDgg | BCoo | Ddyg |DBEgg | BTy |BTog | BNgg | DaA1g

Ch_10| Cag.0 | CDogo | CCoo | Cdyg | CEop | Cfop | Coo |CNogo | CA1p

dh_so|dagg | dbgg | ACqq |Adyg |dEgg | Afgg |AT0.0 |ANgg [daqg

en_sg|€ago | €Dggo | €Con |E0og |€E0p | €fon | €T |ENog | €310

10| oo | Moo | oo | fdoo | Teon | oo | f9oo | Moo | a1

gh.10| 9300 | 9000 | 9C00 | 9o |9€00 | 9o (9900 [Ghoo [ 9210

hh_ig|hagg | hbgg | hcgg [Ndyg [hegg | fag [PGoa [hhge [ haqg

Bo1 |@bos | @cos |8Cha |@€1 | @fas |8Qaq |@hoa | Baa

2-24 B 18 ERREREE
1/8 T B AR I R TR -
(2)xBi, j = Clip3( 0, PicWidthInSamplesC — 1, xIntC +i)
yBi, j = Clip3( 0, PicHeightinSamplesC — 1, yIntC +j)
A5 & shiftl= BitDepthC — 8, shift2= BitDepthC — 2, shift3=14 — BitDepthC. Bi, j N4l
BGESEEE, WARE A ab0,0” 2 hh0,0’ I EEEEFR UL PRS2,

(2)5—4T A% % £ ab0,0, ac0,0, ad0,0, ae0,0, af0,0, ag0,0, ah0,0 HJ €f & {F Kt Hi Il 1 e 45 2%
M EEEE R 4 g asm 8, wrpR.

ab0,0 = (—3*B-1,0 + 60*B0,0 + 8*B1,0 — B2,0 ) >> shiftl (2-19)

ac0,0 = (—4*B—1,0 + 54*B0,0 + 16*B1,0 — 2*B2,0 ) >> shiftl (2-20)

ad0,0 = (—5*B—1,0 + 46*B0,0 + 27*B1,0 — 4*B2,0 ) >> shiftl (2-21)

ae0,0 = (—4*B—-1,0 + 36*B0,0 + 36*B1,0 — 4*B2,0 ) >> shiftl (2-22)

af0,0 = (—4*B—1,0 + 27*B0,0 + 46*B1,0 — 5*B2,0 ) >> shiftl (2-23)

09 7l 581
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ag0,0 = (—2*B—1,0 + 16*B0,0 + 54*B1,0 — 4*B2,0 ) >> shiftl (2-24)
ah0,0 = (—-B-1,0 + 8*B0,0 + 60*B1,0 — 3*B2,0 ) >> shiftl (2-25)
(3) B A% 2 5 1 £ 48 ba,0, ca0,0, da0,0, ea0,0, fa0,0, ga0,0, ha0,0 th:Ks Hllfs i %
BE A EENE 4 rgRkaBE], W Fos.

ba0,0 = (~3*B0,~1 + 60*B0,0 + 8*B0,1 — B0,2 ) >> shiftl (2-26)
ca0,0 = (—4*B0,~1 + 54*B0,0 + 16*B0,1 — 2*B0,2 ) >> shiftl (2-27)
da0,0 = (—5*B0,~1 + 46*B0,0 + 27*B0,1 — 4*B0,2 ) >> shiftl (2-28)
€a0,0 = (—4*B0,~1 + 36*B0,0 + 36*B0,1 — 4*B0,2 ) >> shiftl (2-29)
fa0,0 = (—4*B0,~1 + 27*B0,0 + 46*B0,1 — 5*B0,2 ) >> shiftl (2-30)
ga0,0 = (—2*B0,~1 + 16*B0,0 + 54*B0,1 — 4*B0,2 ) >> shiftl (2-31)
ha0,0 = (~B0,~1 + 8*B0,0 + 60*B0,1 — 3*B0,2 ) >> shiftl (2-32)

R)FI T 7X7 AR ZAE — 51— FAFH S K, &RiHE bX0,0, ¢X0,0, dX0,0, eX0,0,
£X0,0, gX0,0 ,hX0,0 X 7 M (X=b,c,d, e f,g,h).

bX0,0 = (~3*aX0,~1 + 60*aX0,0 + 8*aX0,1 — aX0,2 ) >> shift2 (2-33)
€X0,0 = (—4*aX0,~1 + 54*aX0,0 + 16*aX0,1 — 2*aX0,2 ) >> shift2 (2-34)
dX0,0 = (—5*aX0,~1 + 46*aX0,0 + 27*aX0,1 — 4*aX0,2 ) >> shift2 (2-35)
eX0,0 = (—4*aX0,~1 + 36*aX0,0 + 36*aX0,1 — 4*aX0,2 ) >> shift2 (2-36)
£X0,0 = (—4*aX0,~1 + 27*aX0,0 + 46*aX0,1 — 5*aX0,2 ) >> shift2 (2-37)
gX0,0 = (—2*aX0,~1 + 16*aX0,0 + 54*aX0,1 — 4*aX0,2 ) >> shift2 (2-38)
hX0,0 = (—aX0,~1 + 8*aX0,0 + 60*aX0,1 — 3*aX0,2 ) >> shift2 (2-39)

AR ZAE IR B AR AR ] 2-3 P

N
SERE. 8B frpE . 405
L/440iE R4 1/84dE R AL
[ |

FER R —
THd{E

Hﬂl“ﬂ%;\ﬁiﬁﬂ

FIE{E

FI A5 30 6] 361
TR R E

((End )
K 2-3 W REENZERER

2. 1.3 P sh oK E MVP FHidh

AN EE ) % B (MV) I g bd 75 B2 AH 80 H B ECRs, Rl A8 /N B RSP . R
WDt LR, R I 4 B HE B 5 B (MV) BRI R D6, 7T B4R 3T 4 5 43 1 fr
(M) T4 1) 24 iy e (e 32 S 20 B (PMV) . T B FIE 3% 26 B MVP RIBE S % B MV 1)
Z{E (MVD=bestMV-MVP), #RJa %t Z AL BT o &4 . TS Eh & MVP THRUR ) g
TN TR BT I S BE SN S, MVP BUR T8 3h /M RS AIARIE MV BIE TS, =Sl

% 10 7 358 11



) X FXALE

&
s/ SHANGHAI JIAO TONG UNIVERSITY

F—KASRES (HEVC) REimiElfulgmmis R inE

T[] PN Py A

T 12 B IR B EEAR AR 24 i L i B 1 T B o dak- 2 3 B I B e s Bk
5 S HAT I . T .70 MVP ()3 ki ia s R EH U 2-4 B, 9 AO. Al BO. Bl.
B2 HiAMEikiazh R E . IR Es) R ERWE 2-5 o, v H. C3 I MRILIEz R E.

1
| B, I B, 90| |1 current PU
ool
i Coy
[N .
=N
| . |
==
A, : BR
A LCU boundary Y H
| . |

E 2-4 MVP ZEB I FEEESIREMEM B 2-5 MVP BN FEEFIREME
TEIX 7 Mg EEikEsh R md, R — Mk B Sm AW E N MVP, HE R
MVP 75 22 & 2-6 Frw:

For each reference picture list with refidxas an input

Spatial candidate positions (5) Temporal candidate positions(2)

v

Select 1 candidate

¥

Select 2 candidates
1 candidste for left, 1 candidate for shove

Removeduplicated MV candidates

¥

Add zero MV candidates

)

Remove MV candidateswhose indexislarger than 1

)

Final motion vector candidates(2)

2-6 MVP 23 REWERN

(1) BT S ixikiz s R & H . M 5 NIz s K& A7 % —Mxikic
xR, Tk AMEREHREEN MVP REZEFREFRD A . MVP 2 150
1) 5 Mgikiash k& B UK 2-4 Frzs, 4920 2450 ot A i 2338 MVP BI)IRF R . AO
- Al - scaled A0 > scaled Al; 7593 | il #0414 48 MVP 740 F: BO > B1 >
B2 - scaled BO - scaled B1 > scaled B2, & : Migzhi&K&H(E PU AN s Hal
FAI 7 0] DIAE A MVP % i%is 5 K & .

FEA MVP £ RE Y, Je78 RE AN I 17 0 P25 RE 4 TR Dl o 24 & [ T #R. T is )
KERZH M POC HI4 Hi il 5. 75ia 3h < B 2B Wil POC A — By =% 848 FH 4 8. 28 f
A B A 1A% T B T AR AN T FH B 2 i i, TR B 4 i iR IE Bl R B I T R
oA EibfEikiE s k. w0, ANAT LA FiliEsh s A T AR . e N B 2-7 By
TNo

%11 7 58T
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neigh_ref  curr_ref curr_pic

\

neighbor_PU

curr_PU

td
& 2-7 ZEITM Rk 12 B R B AR T

)W B IR R MVP AR &SI b iEEiEshi keSS LlEiRias R EL N
af f H g 21 & & A A CavailableFlagLXA==1 ) && ( availableFlagLXB==1 )
&&(MVLXA!I=mVLXB)), NI colPu #5dE )y AR H (availableFlagCOL=0), AN Ff#EAT i 15
iz s R m AW, BhPi (20, B/, HEATRHE RIS 30 % 5 .

I %k s B e i P N R . I8 co-located PU 5 2 AMigik Az E, C3 Al H, A
2-5 fliR. HY%EHE H AL B Rtz sh R BN MVP Rizizshk &, Wk H AL E T
TFTTAAT . Wi g i 7 2487 LCU, K C3 (AL B iz sh o &1 Ntk MvP
i I%IE 3 K

TEAF B MVP (i IZ 2N R B SRR, b 51N AR 4 1 15 S i 5 &
B AT R SRR 2 E oot B PU BT LE B MU i (1) o I sk 1 30 ok 24 an 18] 2-8 Fo,
RIS H W R PU (ig3 k&M T POC FEES, th F1 td. Th J9 4 aiMi i) 228 i A4 miri
) POC Z{H, td &Mk 2 miiAxs S ) POC fiEg. XI5 B i, WM izshkeE, —
MRSHEW 0 P EshRE, —NESHEN 1 hiNiasiRE, 1535 TN MVP.

col_ref curr_ref  curr_pic col_pic
€~ \
curr_PU col_PU
tb
td

2-8 BT Bk 12 Bl R B B I 4 T )

A& colPu AN ()57 B (xPCol,yPCol )53 2 A2 1

()1 S b & colpic ¥ H AL B AL PU 2 & mT H . i colpic *F 1) H A7 & BT 7 PU Al
T PU FEF—ANKERH) LCU 71, M) colPu N 7% ((XPRb>>4)<<4,(yPRb>>4)<<4) ] PU,
30 colPu Frid AT o

(b)an S ETH L H AL E T colPu i 3 T B A i AN el L, R A T ) 2D 3R
1 54T PU ARG B XPCtr=(xP+(nPSW>>1) ,yPCtr=(yP+(nPSH>>1)2)colPu 4y colpic
H 78 75 (XPCtr>>4)<<4,(yPCtr>>4)<<4) S i) PU.

(c)(xPCol, yPCol )1y colPu /& _F 1% & sAHXT T colPic 7= E MG &= i &

()L MVP (FikIZZN R EFIE, 1 FFR:

(@) W% availableFlagLXA=1, fERHIA mvLXA;

(b) iR availableFlagLXB=1, 7EFRHIIA mvLXB;

% 12 71 58T



=,

Tl ;
(@) X FAAAE
N s ons v HF—RUSAEI (HEVC) B MR R 1 H
(c) fniR availableFlagLXCol=1, fEZ i1 mvLXCol.
ARz K E A Figsh K& B MlH (mvLXA==mvLXB), EEXFHERizEKEB,
i numMVPCandLX A % Hf MVP £ H o &A%, & K MVP Rt &N H
maxNumMVPCand=2.

(GYEE MVP ik .
@uWwRIITEAITTENINHENDNT 2, AR FEHGREE LR P,
numMVPCandLX = numMVPCandLX + 1 ( if numMVPCandLX<2 ,

mvpListLX] numMVPCandLX ][ 0 ]=0 , mvpListLX[ numMVPCandLX ][ 1]=0).

(b)) CHATRP TR MR THET 2), BHREP IR AT 1HTER.

(6) HJa LLE Rk 5| MVP [ Jpred,SAD, & FE &/ IME— AN R E MVP, ik
HIIE R E R 55N myp_idx_IX H.

2.1.4 Merge T-1HH

7E HEVC HOBi 7 Merge TAEERE], B T H.264 H SKIP F#5EHfl DIRECT -FBLHLH)
Dife. S 4aidaid oo SKIP A3, WIS Merge FACHRSEIL, Safdim AL ikiash k&
WEAG R ZE, RALEREH 1) Merge iz 8 R EIFRESIR TGS (Merge_idx) 2 fif
ity o MRS O 10 2R 515 & RIS B R B I 0 24 AT g b B T EAT FI0I o 4 SR 4 i P R e
%4 Merge B3, NI Merge FREHLSCHN, gafdumilifbiticsh REkZE, FUEIRERK
ZEH Merge_idx 2 fffdim . @S iE I #4532 Merge_idx, AEEMFEshRE, 1HHEH
BEREXI M) Merge BE=AE, ARJE1E R EME=Merge B R EHERILZEMILE.

1 PredMode= MODE_SKIP 5% *4 PredMode= MODE_ INTER Jf H.merge_flag[ xP ][ yP ]
=1 i, BILLRA Motion Merge #:x0. Merge i MMtz 2 K &SR A E S MVP A7 B AH
7, i 2-9 A 2-10 fis.

1
B. B, | B, Ly  currentPU
-
1coy
[T -
1l
| Ip— |
e
A, : BR
Ag LCU boundary : H :
| I— |

2-9 Merge ZFEFMERZSHREAME B 2-10 Merge FHETRA RGBSR EMN B
Merge iz 3R B3 B FEE 2-11 fion, HHETEERE. Wiz ke, A
AXAFIEE R E. TSR E 4 FiEsh R,

% 13 T Fts8
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| Spatial candidate positions (5) | | Temporal candidate refidx derivation |

| Selectd candidates Il Temporal candidate positions(2) |

| Partition redundancy removal I | Select 1 candidates |

e = avoed virtual 2NN partition by mersine 2 2HH)

| Remove duplicated candidates I

¥

| Add combined bi-predictive candidates |

|

| Add zero merge candidates |

v

Final merge candidates (maximum number is equal to MaxNumMergeCand)

2-11 Merge REZEZ R ERF BRI KM

(1) tn 2k log2_parallel_merge_level_minus2>0&&nCS=8,singleMCLFlag=1;5
singleMCLFlag=0.

(2) R B Eikizs R E. THFREEIRENBWE 2-9 Fin, SEINEERX 5
AL E R EkiE 4 MEikiEsh K&, PN AL > Bl B0-> A0 (B2). ¥4 Al,B1,B0,A0
XYL B (518 38 B R BAT — AN oA R WA iy, A4 % feeR H B2 1 B iz s R & .

T B IEDy 2Nx2N 2 E B, X F Nx2N, nLx2N and nRx2N X J LA 7 #1249 (1 25—
AT TG, AMERH AL AL E iz 8l K208 Merge [1%iEizsh k&, BT A BL > BO
> A0 > B2, [AIFE, XFF 2NxN, 2NxnU and 2NxnD 3 #1955 — AN e, A Bl
A B Bz R ECN Merge (xikizsh kg, FrLURS N Al > B0 > A0 - B2, & 2-12
Fa T X T Nx2N AT 2NxN 43 %] 3 AN SR IT 1) Merge {#EIZ2 3 R 2 AL E

5331j5-8

Is, | {51 oo |
L -]
i"B: [ 1
current L o
PU
current PU
| A
P
| Lo
(a) second PU of Nx2N (b)second PU of 2NxN

2-12 Nx2N 1 2NxN 3 & 3 =4 PU RIREZSI R EMN B
ER755) Merge 25 81z 5 5 B b availableFlagN fRFEM R iT~, N=A0, Al, BO,
B1 or B K ¥#kAT, Wk 2-3 iR,
% 2-3 Merge ZBBFEZFIRER B REA

TIIE BN R E RGP

b N, yN

(AL B1 - B0 > A0 > B?) frg N YN)
1 /. Left-down (xP -1, yP + nPSH -1)
I+ Above (XP+nPSW-1, yP — 1)

% 14 7 5871
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B3k 2-3
TIE B KRR TP ‘
DA N, yN
(AL~ B1- B0 > A0 > B?) B & N YN)
3 i I Above Right (XP+nPSW , yP — 1)
4 T Left bottom (xP -1, yP + nPSH)
5 /t I+ Above left (xP-1,yP-1)

*nPSW x nPSH is the current PU size
TN — N AR ER, A (XN, YN)XTRE PU [ availableFlagN=0, mvLXN=0.
@MXN,YN)5 (XP,YP){E[F]— log2_parallel_merge_level _minus2 &)X} Bz 11 4T X 35
M
(b)AO, Al, BO, B1 ¥y Nym] IS
(availableFlagAO + availableFlagA1l + availableFlagB0 + availableFlagB1)=4, B2 #xic AANA]
(availableFlagB2=0);
(c) (XN,YN) 4bxF B () PU #R4E block z-scan process Fric AN A] FEE PU Al A 4ifis ;
(d)singleMCLFlag=0 3 H.2 £ A 2NXN,2NXnU,2NXnD % T 55 — AN 4% He
(Partldx=1) 15, AlAAWH;
(e)singleMCLFlag=0  H.43 ##5 38y NX2N,nLx2N,Nrx2N 5 F 55 N4 E] e
(Partldx=1) 15, B1AAAH;
(HN=B1, Fi#r B1 4t mv F1 refldex /& 75 A1 AL AbAHIA], AHEIIAS AT 5
(9)N=B0, *ifx BO 4k mv F refldex & 51 BL AbAHIA, AHIFIUAS AT FH 5
(h) N=A0, F&7x A0 4t mv Al refldex & 751 AL AbAHIE, AHIFASAT 5
(i) N=B2, f#r B2 4k mv Al refldex s& 75 A1 BL AT, AHF AN AT 5
() N=B2, &% B2 4t mv Al refldex /& &A1 AL ALAHIE, AHFIAS AT F 5
A A BT IA N E, N availableFlagN=1.
(3) 33| Merge [ I8 itz s R B ZHEMEG] 5. W T HRZAAEMAR, W 2HHT
PU KIZEMIRGI N AL CETM) Bt MZHEWRG: ()AL FT7ER) PU 2]
(b)Partldx=0, RIJ&7r#IMA N E—A 0 FIH  (¢) B CA Z MW s (d)24 17 PU A1 AL
FRLER) PU ASTE[R]—/ log2_parallel_merge_level_minus2 Frst w7 () H:AT XA N« 75 000 2 2 i
% 5] refldx=0.
(4) 133 Merge BHIsFILIZEN R &, [F 2. 1. 3 FATH 15 3] MVP B85 k12 3 % E A2 AR
E
(5)% 7. Merge 123~ =43 . numMergeCand=numOrigMergeCand.
(B)an & B i, H. numMergeCand<MaxNumMergeCand(MaxNumMergeCand=5), N|{E
Merge ZIIZ&H 38 EH Merge 1|3+ CAF RIS B % B4 R 26 0] Tl iz 2 2k &= 19, ]
2-13 7R

% 15 T 58
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Original Merge candidate list Merge candidate list after adding combined candidates
Merge_idx L L1 Merge_idx Lo L1
0 mvL0_A, refd - ] mvLO_A, ref0 Py | ombine
1 mvL1 B, ref l\ 1 mvL1 B, ref0
— ) 7 — —{combine
2 r" 2 mvL0_A, refl ¥ mvL1_B, refl {
3 3
4 4
LORD Cur L1R0

mvL0_A{un

& 2-13 Merge A& X HMIE 3 R EE

Merge (1406 X[ Fl ik iz sh X AR BRAE W R 24 numOrigMergeCand=2,3,4 i,
numinputMergeCand= numOrigMergeCand, combldx=0,combCnt=0, combSTOP=FALSE, |
T 461G E 3] combSTOP=TURE.

(@) FH combldx FRIELAHEAR] H XL [ Pl fig e 12 5 O< 5 1SR 5 10Candldx AT [1Candldx, % &7
K 2-40 W2 VLA I B 2H 5 X a) TN 12618 51 R B 4% A >R Y5 T listO AT listd Hhovf M fik ik iz
rREHE Z51ME (0,1)>(1,002(0,2)>(2,002>(1,2)>(2,1)=>(0,3)>(3,00>(1,3)>(3,1)>
(2,3)>(3,2)-

% 2-4 Merge HEXAFEZFIRE
Comb_Merge_ldx LO_Cand_ldx L1 Cand ldx

© 00 N o ol WODN PP O

[EEN
o

W NN Wk, WO DN DN O - O

N Wk, WO W EFkE NMNODNO B

11
(b)#R#iE 2 5 {E 15 FI/E MergeCandList H 3 2% B (118 5h R &

I0Cand=MergeCandList[I0Candldx], I1Cnd=MergeCandList[I1Candldx].

(€)== 0 7] FJE 225 1 /] HZ%MW 0 5225 1 A% [F —&I1& 8l i85)
4 & AR [A] I ((predFlagLOl0Cand = = 1) &&(predFlagL1l1Cand = = 1)&&
(PicOrderCnt(RefPicListLO(refldxL0I0Cand)) != PicOrderCnt(RefPicListL1(refldxL111Cand ) )
|| mvLOIOCand != mvL1I1Cand)), i3’k & combCandk ¥sJN%] mergeCandList J&#f,
numMergeCand= numMergeCand+1.

(d)combldx++.

()4 AT LA 0 Merge 833 7 IIAE Merge 41138 TRl DS AL ) 5 K 206 X 1w 3038 B 2R
PR (combldx=(numOrigMergeCand*(numOrigMergeCand—1))) 53 numMergeCand .
255 3 K% H MaxNumMergeCand 2 combCnt=5 i}, combSTOP=TRUE, Jtififefs 1l

% 16 7 358 11
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F—KALSIRES (HEVC) R EtiE) FUM 4mAS & (i B
(7) XFF Pt B i, FEMRIESIRETRACECRININEFIZZRE, TaaREWE 2-14
FR.

Add zero vector

Original Merge candidate list -~

Merge candidate list after adding new ones
Merge idx Lo L
Me x Lo L1
0 mvLO A, ref® L
0 mvLO_A, ref0
1 mvL1 B, ref0
- 1 mvL1l B, ref0
0 A, ref0 L1 _B, ref0
2 e Asre LB 2 mvLO A, ref0 | mvL1 B, ref
3 R} (0,0), ref® (0, 0), ref®
4 Rl (0,0), refl (0,0), ren

& 2-14 Merge ERiEEZE R ERE EE

Merge [ F{5EIZ 3% 215 BRI LT

2 Merge {12 51 3% Ho g ik iz 3 O< 1 1 AN B0 A 18 2 i KBRS (umMergeCand <
MaxNumMergeCand) ,JF4f7% & Merge ZE{xikizsh K& . 4 numinputMergeCand=
numMergeCand, zeroStop=FALSE. JF461EH T AL % zeroStop= TRUE , IthiifEZ¢ 1t

(@) E L EE B2 MR M refldx. TIN5 R AEHFRE predFlag. % merge (% 1%EIZ 3%
AH mve KT P i listl XF 5 A9AR B IE -1 80 0, list0 XF B (4RI /H refldx. predFlag.
mv HEAT A B 5 & . numMergeCand++ . 61 B i : list A1 listd i 5 [ ARCAH refldx. predFlag-
mv BTN PR E . numMergeCand++.

(b)zeroldx++

()4 IAE Merge fik 51K H o 3 AN BUA B K Merge i 24 (numMergeCand
=MaxNumMergeCand) =% 4 iR IN1) Fiz 3k & 4@ 1l v LRI e K 18 3 R &

(zeroldx>=numRefldx), 4 zeroSTOP=TRUE, 45 Fizs)x EFRIIRIE.
Figh R ERIZ LR 2-5 BT

% 2-5 Merge IRIEFIZFHRE
zero_Merge_Cand LO_index L1 index
M=0 0 0
M=1 1 1
M=2 2 2
M=3 3 3

B)FEALAT— N B, Az iE 713 o i ik iz 3l ok & (1%L H 21X MaxNumMergeCand
(MaxNumMergeCand=5), MJZ 1k,
(9)1 5 PredMode =MODE_SKIP, L ik 4113 H (132 3 < & (10 B Imode, 48
JEiEFEH A RN —AS, R G]5IR{ES merge_idx, skip_flg=1.
(10)t1 % PredMode = MODE_INTER Jf H. mergeflag=1, 4% % g (%i% Merge iz
R IIAMY Jpred SATD, iE#EH/MI—A, EET]SIREL merge_idx.

2.2 HEVC £E4zR022 HM6. 1 BOmf[B) TN of B Ze g Fn & sk

FEHEVCHIHMG. 14 it v 56 T — AN LCU(64X64 HRA% 2% 457 ) (14 43 S5 2K 1) 4] i /2 7 6 4
compressCU A SZHL ) . [12-15H (1) K $rcompressCU N T2 Bk $.compressSlice FT i i, Thfig &
Xt mAg e HHA T gAY, f N A TComDataCU I HE2K AL . 7F ki % compressCUH B SGiAH T
initCU bR 106 24 B LCUXS B I TEncCUZE AU h i m_ppcBestCU[0] F1m_ppcTempCU[0] 3 4T

e

17 W L5811
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7 SHANGHAIAD TonG Ui F—KALSRRES (HEVC) RN R E
vl Us 4k s AR J5 I B T xCompressCU 8 #1 X 24 57 LCU #E 17 4 9 &% 5 A A B8 %L
xLcuCollectARL States pf 5 32E 47 [ 3 N QP Wr o e Fpiz s Al i H AR X 30 i) () Sl 75 36 U R
HrxCompressCU A 58 ] «

1-E] TEneCn. compressCU

[F#E] TComDataCl. getiddr

TComDataCl gzetFic
TComDataCl. ini tCUf

TEncCfg. getUsehdaptQpSelect
Bl TComDataCll. get5lice
Bl TComS1lice. getSliceType
#E] TEncCu. xLenColl ectARIStats

K 2-15 E#compressCUL#) &

2. 2.1 Mot (B A 1) ok R B S B

1 JZ i % compressCU A e& ZixCompressCU H SEHIL 73 FIA 20, Tl s = 1y A4 0 W
BRI BixCompressCU & — N I B £ . xCompressCUBR LSBT —4NLCU (64x64) (a3
il Cskip inters intra), AR ECT 230 E1 07 2R o 8 T SEIAS [RIR/NCU R 4 i (64X64
32x32. 16x16), xCompressCUTE®EZECU ARl 56 J5 2334 5 FH 4k xCompressCU ki 4
XM ETCU AN FCUB TR o

bR KiixCompressCU H i FH IS 2 il AH G 1) 32 2 ek B0 in 1412-16 7%, #ExCompressCU
H SIS A ) PR AR L G I 2-17 s

xCompressCU xCheckRDCostMerge2Nx2N

¥
xCheckRDCostInter

12
xCheckRDCostIntra

v
xCheckIntraPCM

h 4

xCompressCU

E2-16 Hi%ixCompressCU A FH AT A B AE DS R 2 i #

% 18 T 358
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3TART

INTER_2hbiN

Yes w
Ho

Yas M L P
CBF_Fasl SKP -3-1 INTER_M=M . H

INTER_ZMxN | e | INTER_M2N
Yes
MTER_2Mwll | (= [INTER_ZMknD
K |
R
TestAMP_ver INTER _nLxiM | |« |INTER_nRx2h
o

MTRA_ZMGN |51 INTRA_RkN

..........

FCH
Mo | Recurske cal
wComprassCil wCiompressicl aCompressCL aComprassCL

E2-17 E#xCompressCUR 2 E R

A5 A ) SRR L0 R BT

(1) HTHAERS, X TR ) A ot A it 5] 48 2% Pl 75 14 R IR

(2) K &SKIPHEIR, T ZLE Bk HixCheckRDCostMerge2Nx2NH S8 . U R 7E 24 /i LCU
5 S HTCURFE KN CUK H skipfI 42 1-54~ I H.SKIPH]cost/h T-B{H (aiNum
[ildx]>5 && fRD_Skip < EARLY_SKIP_THRES*afCost[ ildx J/aiNum[ ildx ]), NI3#E47 42 Al
b, RER 2370 #48% (bEarlySkip = true, bTrySplit = false).

(3) FEINTER_2NXx2N /3 #IHi5, F E4F iEixCheckRDCostInter 1 S8 HIWT 2 5
HEATPUS Eb5 EAzdoNotBlockPu.

(4) WRUHIBINTER_NxN, INTER_Nx2N, INTER_2NxN4rEI4£L, 43 578 ki %k
XxCheckRDCostInter+ SZH

(5) KBEAMPEIRA R, W F: SIZE 2NxnU, SIZE_2NxnD, SIZE_nLx2N,
SIZE_nRx2N, 4331E e $ixCheckRDCostInter + 21 .

(6) FAINTRARE, F:E 7 K ixCheckRDCostlntrat SEI .

(7) fAPCMEE, - 27E iR HixCheckIntraPCMH SEHL .

(8) H#EbSubBranchl 2 F5 347 N — ZCURI 2 El. AnR kT T —ZCU4E],
3% 94V ] 2R FxCompressCUXT R — 244 F-CUBH T4 il

% 19 7 35811
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(9) T FT CURE A 43 21 EHE A8 2 723 1 I B AE 24T 5 A2 Ab
2. 2.3 INTER 3T B bR 2GSz sl vh vk ud B
(1) S AR BR E A
ot [0 000 T & F 6% $xCheckRDCostlInter 5¢ i, xCheckRDCostInter 1 B8 £k B U2 2-6 it
N, FERELE R E W E2-18FTR .
%2 2-6 xCheckRDCostInter &% i BH

LITIAN i e e
TComDataCU*& rpcBestCU, Null I 3 N AS FrePartSizeds & 2 EHL 4 #1125
TComDataCU*& rpcTempCU, A, SRJE R HT G T AT Mt A P,
PartSize ePartSize BRI BN, FEBRRA s R4
HrpcBestCUH .
xCheckRDCostInter » predInterSearch » xEstimateMvPredAMVP
» encoddelf;etsé\rncc;CalcR » xMotionEstimation
» getTotalCost »  xCheckBestMVP
> xCheckDQP » motionCompensation
» xCheckBestMode » xMergeEstimation

E2-18 E&¥xCheckRDCostInterif F f 3 2 g $u 25 1)

1t iR $ixCheckRDCostInter 1 56 i, 1 43 BB . SR ZRM 15 LR B R
SEThfe . Horii Al T 3 ZAE predinterSearch R £ 58 /i, 76381 5% #ipredinterSearch 75 1) 24
AU BT s A 77 =05 v SRk 22 A 2 5k AN 7E BR #encodeResAndCalcRdInterCU
SRR R R TS AT SR R EE R, 1@ ek ZixCheckBestMode 7t i -

pR £ predinterSearch = L T g 4 76 B E] P, B FEAL IS Merge il 75 =X 23kt 12
AMESE . Horb R AxEstimateMvPredAMVP 1= Z Ih g f2 5 2 Tz 5 K BEMVP, it 5%
# (MVD=MV-MVP) i Bi%ixMotionEstimationse ik 1 gzt thig, @ilizshig %
B3 TR HEEI AR, EEixMergeEstimationts 2 Mergefi 2. K 51N a5 4 B A 4 1T i s)
KESD], FHEEE R NEE: motionCompensation id ¥ 5¢ iz M= T fE o

BRI FxEstimateMVvPred AMVP 1) 3 2255 1 B AE2. 1. 35 FlIZ 3 R EMVP-F AL . bR
FrxMotionEstimation )i B N 2-7 AT 7s, BRI BZEFI tn 2-19 017K

F2-7 xMotionEstimation & $ i BH

LTI fign e
TComDataCU* pcCU, Null N T B TE B — Wi 1) B R D)
TComYuv* pcYuvOrg, it , eRefPicListfliRefldxPred3 ~ 2 Mz % 5
Int iPartldx, RefPicList FIME S R H IR G5 . pcMvPred Ny Tl iz 5
eRefPicList, TComMv* pcMvPred, RERME, reMvag 8 R 2K RAE s R E T
Int iRefldxPred, TComMvé& rcMy, 8, iPartldx/2 4 ETPUECUAH &K 515, ruiBits
UInt& ruiBits, UInt& ruiCost, Bool A ruiCosty HER n i iz 3l % 2 11 LR Eiorn
bBi BT .

b
]
=
Pz
u
<)
=i
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—44———’+ xSetSearchRange

xPatternSearch

xPatternSearchFast %444444>{ xTZSearch

xPatternSearchFraeDIF‘

E2-19 ¥ xMotionEstimationZs 1y &
B B I ST AR B B it . £ R ZixMotionEstimationH #1521z
A THE 2R, d I AR Em_iFastSearch#% i, iim_iFastSearch=0, #H T4 /m#E%; W
Rm_iFastSearch=1, T A% . BAEIERENF:

(LD et iRy, Kb EMRUEE — R EZEN T, dK
#xSetSearchRangese . TEHM6. 15 = /2 cfg S 14 HL 1% B SearchRange=64.
BipredSearchRange=4: T B[ # 2K, (ESLBULRE T RH T HE M RICH I E,
1% % S48 %6 FliNewSearchRange=clip3(8,64,64x1x(currGOP-refGOP)/8); * T-XW [l 2, #&
B &= R E L.

(2) Wm_iFastSearch=08% % & X482 (Im_iFastSearch || bBi), N#H74 /4R
192, R ¥ixPatternSearch5e ik, kit 2B %3

(3) HHATPRLIE RS R (m_iFastSearch=1), H i %xPatternSearchFastsg k. 7E &K%k
xPatternSearchFast', BR%IxTZSearch5g i 1 PLidi 844 2 iz ah i it F ZTh g

(4) FATWAZRIZM 1T, R EixPatternSearchFracDIF5E .

(2) BAZ Rz H HE Ui B

fEHEVCZE il 28 HME. 1 BAUR Z e 38 R o0 & mia s R s s sh 8 = fh,
43 59 F R HixPatternSearch A B8 $ixPatternSearchFastH 58 iia 345 2% i Th g

A BB EA RIEENIY R xPatternSearch B E M Kz % 5 B

{E B HixPatternSearch b SE A T 4R % %, BB B AN 2-8 7.
22-8 xPatternSearch & i) i

xMotionEstimation

TN i Diae
TComPattern* pcPatternKey, Null  PhreMv G, 2 FIE3) % EpcMySrchRngLT
Pel* piRefY, Int iRefStride, A T ia sk EpcMvSrchRngRBIWHE, i Hirp
TComMv* pcMvSrchRngLT, g R EFITERIZIHEER, [HEEIRE
TComMv* pcMvSrchRngRB, HHEreMVT, HSADERAEAEAS EruiSAD
TComMV& rcMy, UInt& ruiSAD o,

EERBE RS R T R T —F T REEPUER KT SADIE. 24iSubShift=0, A
15 F R KRER 725 S SADME ;. 24iSubShift=1, FH1/2 1 KAEHESADIE; 4iSubShift=2
i, SRALA T R ESADE.

MPUBRIIATHOR T8I (iRows>8), A8 iSubShift=1, NRM4E247 2 —1T783E N7
KRR TS SADE,  TEGHE TR 7E setDistParam B 1 HH 45 5E ISAD T R £ b S

il s 4 SFxtF16x321PUBET 845 2= 4 JRia sl it WIFETH 50 #2 h f1 TiSubShift=1,
HH1,3,5,7,9,11,13,151x 847 325151 {TSADTHE, 7EA3 31X 1/21F1SADAE J& F e LI 243 21lir
L SADAH .
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B. g Z iz Eh & xPatternSearchFast B8 % 2L 44 K 203515 BH

bF $xPatternSearchFastS2 B () T g 2 845 2 U E sh il i, 24m iFastSearch=1i,
PRI EUXT ZSearch 7¢ BB AG Z S Bl THI T RE .« BREIXT ZSearch e i 1 #1483 il vh 532
Difie, RAEThREWNZR2-9r . F ek B2 W& 2-20 7, 352230 F ¥ B Ho X TZ SearchHelp.
XTZ2PointSearch. xTZ8PointDiamondSearch. xTZ8PointSquareSearch.

F2-9 xTZSearch & $ i 9
LTI LTt ke
TComDataCU* pcCU, Null  BlreMvAHLy, £ LiEshkE
TComPattern* pcPatternKey, pcMvSrchRngLTHIG Fizash k&
Pel* piRefY, Int iRefStride, pcMVSrchRngRBAHE, X H iz k&
TComMv* pcMvSrchRngLT, HHTPUE IS B R (LG sSreMV oy LSz
TComMv* pcMvSrchRngRB, RN, [EEshKEEHErcMV,
TComMv& rcMy, Ulnt& ruiSAD HSADH R AEAEAR B ruiSADH .
XTZSearch »  xTZSearchHelp

» XTZ2PointSearch »  xTZSearchHelp

™ xTZ8PointDiamondSearch » xTZSearchHelp

> XxTZ8PointSquareSearch »  xTZSearchHelp

E2-20 BRFIXTZSearchil A EE R B E

PR EUXTZ Search i EIVETURE W T PR :

(1) 1 Yot e iR R A & .

A3 BRI HL e b0 BEE BN R (reMV) . ARG Big sk, B Bigs) . C B
B, (0,0) BERE, Mkt SAD+my_costil /N — MERFIAIR A, K
B K KixTZSearchHelp, 4 47T A5 882 H.0 & (uiBestDistance=0. ucPointNr=0). A. B.
CIHfr B W El2-21 7R .

ETHIEES

B2-21 A, B, CE5HRIELAE

(2) BTIBE T — PR,

(a)%iDist=1,2,4,8------uiSearchRange, EI T8 KA AR EFH8LIRTT AL R, W
Kl2-22ft71%, 431 B $x T Z8PointDiamondSearch . B& %(xTZ8PointSquareSearch. #HI%
1R 2 AT I 3IR A 3UR LA E8 iU RE A R 8 UK T 48 % (cStruct.uiBestRound >=
uiFirstSearchRounds=3).

W& {ER b g B bFirstSearchDiamond=1, %] 7 R, (VR AEZ.

22 U 58T
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L LA
ngn ngn
| e E
Diamond Square

E2-2285 A RN EREE

(o) F M ar iz sh R E i B O R S I EE B AL (uiBestDistance=1), U PA 24 Hi
IZEh R AP O482% A (uiBestDistance=0), #EAT A Fl2AN S8R, AR
XTZ2PointSearch; 75 Bkidt LB (b), #ATHHE ().

()W T et is sh K B B B O R AN PE 2K 15 (uiBestDistance>5), x4 2%
HE LAS A AT g 2, BBkt P iR4.

KI2-23 /e R B, (B MPIR AR IR 5. 5 TR SR A s 4
xTZSearchHelp, M1k H I T SAD+mv_costfE /N — MERN TR s R &, FEEH
O R BRI N5, AFEEATEERA S 2 . (uiBestDistance=5, ucPointNr=0).

Raster

E2-23 St R E

(3) HATIEIME T DA R

WR L RT R Is s R EA R O Z S (uiBestDistance>0), MIBHTAMAZIE; 75 Bk
B IR3). HERE) ML R E R iz s R E A O Z s (uiBestDistance=0), FfH& it
Wi itizsh kB H2 i8R (R#ixTZ2PointSearch) &, ARiashR B AT LB S
CucPointNr=0),

AR R E2-24F 7R . VEAP IR T BT

()2 UATERMIE N R EIE N T I ZE 5 (uiBestDistance=0. ucPointNr=0),

(o) FEIAIAT8 T RE AR (iDist=1,2,4,8,...,uiSearchRange+1), i H %
XTZ8PointDiamondSearch

(C)un R M aT iz s % B FE PO 3 R SR 1 (uiBestDistance=1), 44T &AL
ZBrRE PO E s (uiBestDistance=0). WiucPointNr! =0, NIEAT R 24N s (38 2,
i H] B #xTZ2PointSearch. W 4 Fi i iz s R &g A e 0 R sl (uiBestDistance>1)
WRELD GREREHA: S0, Bkt P ERS.

% 23 T 58T
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uiBestDistance=0;
ucPointNr=0;

iDist=1, 2, 4, +--uniSearchRange+1,

SISWNGLYEEL FCITEAN

UiBestDistance==1

UiBestDistance=0

< 75

Y

xTZ2PointSearch
ST

End

Bl2-24 BRHXTZSearchHiz3fiivh 8 P HE REFRER
C. BGRPUHIEE R A it — L e £ B
a. PR xTZSearchHelp

PR HIXTZSearchHelp5e ik T — MEG RIZEI R BN LE, 1% 2-10/7R.
22-10 xTZSearchHelp & ¥ i BH

LTI i it
TComPattern* pcPatternKey, Null  SER— MR FE 3N R B AL
IntTZSearchStruct& rcStruct, FLiR g M pireStruct P iz sh R B FIZ R &
const Int iSearchX, const Int (iSearchX, iSearchY), MHHi%H SAD+mv_cost#i
iSearchY, const UChar N —AME N SR e s R &, FHORAF ZreStruct
ucPointNr, const Ulnt i, R AH N B g Mk reStruct  SADE, S
uiDistance ucPointNrFl 24 uiDistance 5 3§ 2 25 ¥4 & reStruct

£ B #xTZSearchHelpH [F]xPatternSearch—FE IR ] 1 T RAEHI 572, HPUSRHIATHK
T8I (iRows>8), A4 iSubShift =1, WIRHI&E24T % — 178 177 sk PLd T 5. SAD1E .

b. PR xTZ2PointSearch

B HIXTZ2PointSearch5E i | 2 MR RIZFN R EHILLEL, Wk 2-1107R.

24 T 58T
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2£2-11 XTZ2PointSearch & ¥ it BH

LTI i e Tige
TComPattern* pcPatternKey, Null NG KRR s R
IntTZSearchStruct& rcStruct, H 488 45 1) A reStruct 71 48 EucPointNr (B EL 2N AN
TComMv* pcMvSrchRngLT, [F] 7 B i s R A i i reStructh iz sh R &, X
TComMv* pcMvSrchRngRB SAD+mv_cost/M#—~,  HHrpcMvSrchRngLT

pcMVSrchRngRB 7 Al & m R HEAE B 54 N
ZaRE, BHERIENZHREREITHER.

BRI FUXTZ2PointSearch 12/ 14 iz 2 < B A% & AUAL B 1 € /2t AZ S ucPointNris &

1o fREEE M fAreStructH #8214 TSI RN (X, y): HucPointNr=1f, 2R3 LT
BB REHREN (X1, Y. (X y-1); HucPointNr=2i, 25 B GRIZsHREN
(x-1, y-1). (x+1, y-1); jucPointNr=3Mf, 2MF LB Riz IR E N (X, y-1). (x+1,
y)s HucPointNr=4if, 2/ LA B Rig B R &N (x-1, y+1). (x-1, y-1); jucPointNr=5
i, 2MFELE G RIZEIRE N (x+1, y-1). (x+1, y+1); jucPointNr=6Itf, 2/MFHL
BEBGRIZEREN (X1, Y. (X, y+1); HucPointNr=7if, 24N LL# 14 Ri85)
KA (-1, y+1) (x+1, y+1); HucPointNr=8fF, 2/MF LG Rizsh R EN (x+1,
Y. (X, y+1). WE2-250178.

E2-25 E#xTZ2PointSearchnZEE (B AucPointNri{E)

234 PR FxTZ2PointSearchj5, #HixflizahkER AN, MRS HRX2MEsIREZ
—, Jl4-uiBestDistance=2, ucPointerNr=0, x4tz zshRER S PO R N2, A
HEFTHE ARG RS RERE.

c. PRAEL xTZ8PointDiamondSearch

BR £xTZ8PointDiamondSearch 7 i | H & M8 sl K& A R INfE, WIK2-12F77R.

2 2-12 xTZ8PointDiamondSearch %t i BH

LN fei o e
TComPattern* pcPatternKey,  Null SERL H IE N8 AT AR
IntTZSearchStruct& rcStruct, ghikfRreStruct iR B U AT RMIE SR EREE, s
TComMv* pcMvSrchRngLT, B (iStartX, iStartY) iy, PAiDisty A3k T
TComMv* pcMvSrchRngRB, FLE 8 R A48 2, HLSAD+mv_cost/M¥— A~ F
const Int iStartX, const Int 715 B & rcStructd . H A pcMvSrchRngLT A1
iStartY, const Int iDist pcMVSrchRngRB 73 il R R RHERE FM 5L A

iBERE, B RENZIREAIITHER.

BB T

% 25 T Ft:s8

=
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(1) IR AR FA2IDist=1, U LLiz ) % & (iStartX, iStartY) Ny rly, PALIyEARREAT
ENEARPNEIEER, R E K 2-267R

pcMvSrchRngLT

(iStartX, iStartY-1) .
iDist

(isStartX-1, O
iStartY) (iStartX+1, iStartY)

O

(iStartX, iStartY+1)  (iStartX, iStartY)

pcMvSrchRngRB

Bl2-26 iDist=1Ff, BHEMNSAER—PEREER
Fi R 45 oM (iStartX, iStartY-1) . (iStartX-1, iStartY). (iStartX+1, iStartY). (iStartX,
iStartY+1)PU g 2 —, N4 uiBestDistance=1, 3/~ AT AIE 3 K w0 R SRR N,
ucPointNr4 582, 4. 5. 7, 5K 2-257ucPointf 47 B AHXT M .
(2) [ RFALIDist=2. 4. 8IF, NILlizzhRE(iStartX, iStartY) vy, LliDistyix
KPR FATRE AR, R ENE2-27H7R.

pcMvSrchRngLT
|
ucPoin{Nrfff
B

(ig‘t;\rtx, \

B SPY) g ipist/2

pcMvSrchRngRB
Bl2-27 iDist=2. 4. 8Hf, KEEAHWER
KETAE R 53 M LAIDIst AL FIDist>> 1 A2 AT T84 M R, E3-14/7r. H
KI3-14F1E3-1271 &1, M7 4EAGAR RN, SR T8 URE A R T2 5 AL R, W2
R E 5 A R AR M RIS RER T A %, WE2-28F7K.

b
N
o
=
Pz
u
<)
=i



F—KASRES (HEVC) REimiElfulgmmis R inE

Og 9@ K AL

R KB
O *

Q MR E
Q* (iStart)fiStarlY) *O (O #EAE2EHRAE
O *O
O O
*
O O

K 2-28 1RIBEEAMEF A (ucPointNr) BRNAE2SERERME
(3) MR PR T8I (iDist>8) AT REFH R, RO E & 2-2957
7No

E2-29 KERHE
2.3 KEINLE

REH AT HEVC K HHT 08 TR BA : FET 8 Pt 14 S BEsd i A2 T

4 i 1/8 B AEE . B0 MVP P, il SKIP fil DIRECT [ Merge THiH4, X
S T PR ) T e AR AT R PR T A%, LI MVP I Merge fi% 1612 ) % A7 B IR E
SRELT 23ISR T AR T . R TRIEEE, T R R RS R A
ES NN

RGN T HEVC ZE g ds HM6.1 (i [al Tl 592 78 HM6.1 Zwhth 5 whit [|) Foa iy 55
RELT AR 2 A R0k v S s AN R R A (R, B TR R Z S BN R BRI T R
7R S H R HIERCE R A RIS T REHE . oM Rl Kigsh K&,
FHA% 2 5 a8 23— D3 g Sk TR R s R R B R B T SKIP BEGR /r FR AT 28 ak
TOUI B G 43 R B S KR e T dmhg M R

A B TR I ST 1) SI2 ST G AL s i ] T A3 R 2 1 HIMA A 248 Py e o ) 9 0 9 gl 2 3 T
XA AR ER (1) B AL AT B T

e

% 27 U 358

=



Tl .~ ;
(@) X FAAAE

NGHAI JIAO TONG UNIVERSITY

£

S

F—KASRES (HEVC) REimiElfulgmmis R inE

SE=E HEVC Wit |8) Tl it Bk

f£ HEVC 2% %t 4% HM6.1 thitth TR IR ISR EREE . IRARS AR A BT,
{ELR (RN 3 2 2% Ao 18] 00 50925 th A A9 i B S22 LR RN A 38 R R P A1

N T R FEE A ot (] PR BIZ 55 8 S HEVC wy RS e, A HE e T H.264
SR 2 B 5% PO Mot ) P00 59501 M. 1 ot (8] Ul 353 . HEVC Wil b pm e, it th 7
T SIS £ B s A ) TN R0 ROK BRAIR T T IR] TP 55 I8 5. (B i 1 P S 2
MR B R 2%, I HM P& EARESERU0IE, 7 20 A HESE T Sk
B, B AN A [F) 22 A2 AT i Bk S 56 X — B 0 AT

N T AT AT S I S S 2 R Mt ) T SRE PR RE . AR EE BT Y T AE HMB.1 Zifid s
F-E BRI SO B, AR HME.1 S & B FR 2 SBIL 5 TSI SRt 4% 0 ot 1) 5000 352,
ROK BRI 7 o ] TR R 32 5 6

3.1 HT LA 4mg2samue] FuN &%

3. 1.1 P i@ R E %

P WIS B G TR R EIR D NPIR, —FE X T 64x64 FIgRISHTG; 5 —Fie Xt 64x64
LU R 4ifid st (32x32. 16x16), LA AENgmA 5ot R Hl s o ik 43

VR TEAS S ot ) T R i ) S 5 /N 43 I B T 8x8, ANFEHEAT 8x8 LA [
() 73581 o

(1) 64x64 Jwbd Tz sl ik

64x64 Zits BT HIZ Nl 1T D SR A0 N Fs

(1) XFF Merge [ 5 MNizsh4e & (M MergeCandList 125D BTN HE, Mk
HAM B N I—MEN Merge BT MV, Z515188 Merge_idx. HE4HRFEN 2.1.4 &
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fJMergeCand_ListH s iz s & mARA, MidiZPUmerge_flag=1,Hic sk merge_index.

(2) A R 16x1685 0, F5 Hoh 5 —M16x16 73 FIHe s MU Tt B
MergeCand_List i flt iz 5 5 AR I, 0k merge_idx. @5 cost_merge_16x16<[R{ET1/16,
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=4, TR 8 M KA R, EERERMEHRENT O RSN ENTHET 2 41k,

3. 2.2 Mila) R SOt SR 2—— B i RN R R i sh Al SRk

AE Tt ) S0 850925 R AR R 0 T S 22 2 G A48 2 40 E ), AR R (R AN [
2= AR BRI B] PO SR s SR B W 2E . (E HEVC JmAg s il [a) Tl sk, SR
U7 SKIP A TE 2 I IR G L N FE AT 2B 955 (bEarlySkip) . FIWr a5 ot 2 15 1847
T 5T # F577% (doNotBlockPu) . A JZ 4wt #. T gmht 56 BE F /i 26 1b 573%
(bTrySplitDQP).

PTG FET,  SKIP AR AT & b, mEBASERTZ& 1L, PU 73 FI5ERT &1k
SBOE AR MR AR . FERZHUELILT, S LCU & ik E A% H T 1 1> 64x64 1%
w2, RSB RIRERIGRTT 64 /> 8x8 R R YL I BN WAL F a4 K 2 UG L T
HB 2> BEAT PN R 2NXN NX2N 73 EI A . (H 2 AR A R B W i B 4 A SR T 0 AE
BB, BEEmILEIT (64x64. 32x32) 1z3Mh 11453 2 115 Rk Z AR 445 2 114
RCEYAZEAKR, PG O T AR GATACR R B Gt 57040 20 118 5523 8] TR 2%
RORFEME 1 ot [B] PN AL ER (R da SR, G2 T S e RE

5 8 SRS 2 1 B i 2% 1 SR A it ) TR0 R vk v A AR B LA T, oo ) RN ek Bk 2
FEM B TN AR % 1 (R B AT T AB B, 0 B X ot B P ASE k)l 8 i 2% 1 SRR
17 7B WAl R A ) SR R

(1) bEarlySkip = false, bTrySplit = true.

(2) RAESKIPE . WA S ATLCUH 5 M FTCUIRIFE R /NRICUR H skipf )4t 2 15
AN HSKIPffcost/h T (aiNum [ildx ] > 5 && fRD_Skip <
EARLY_SKIP_THRES*afCost[ ildx J/aiNum[ ildx 1), N#HTIRATZIE, RNEH T —ZE##T0
#|$2 (bEarlySkip = true, bTrySplit = false).

(3) K EINTER_2Nx2N#E . iR SKIPE A AIINTER _2Nx2NE b 2 5,
AN T BIMETS, WHEATHRATZ L, A FEEAT 0 570 70 Bk W, AT T — )25
BT EIAI (bEarlySkip = true, bTrySplit = false).

(4) #bEarlySkip = false&&doNotBlockPu=flase, |4k &5:53E47 43 E e iR AN F 1
IR FIRTINTER_Nx2N, INTER_2NxNZ/» E# .

(5) FHL&IMTHE:, TE2Nx2N. 2NXN. Nx2N=Fh 4 E N SR R 2NN A i,
|4 bEarlySkip = true, bTrySplit = false.

(6) #bTrySplit = false, JIAFHEAT N — =4S 7T (depth=depth+1) (1) FIFHT,
BEAHN 21l B IE GRS T — E g bd 5 o s )

3.2.3 i) T ek g 3——A8 esob ) ) Bk

28 3 ot 1) PO 5 v 1 AR [ SR gk AR 2 SRR A IR B PR RR A AT AN B, 2 IR
BAGFRBE REE R A PR T2 58 10%-15%, ALAESRE R N,
O B 2 AR SO B A 1 it [ T 12 B (60%-70% ) 114 [R] B Ry >R 1 RIS ot & (1Y) B 2
% (0.4dB-0.6dB). ] WA 2H il SREVF 0 T B ot 1) 0l S0k ) is S B AR B2, (H
R R P ] O R o ) LU0 B0 PR RS JEE 2 i £ L R 2 A R ok 1 ORI 35

FET FaR SIS A5 B, ot [A) R0 ot B2 3 ot A 2 i) B EE A 1 AB . A T R T
B EE 3 EE G  E SRR L BIE, IEE IR IR AT A& B AR, BN T
PO BRI L 1B TP RE 40 5
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B X BT & 1 RE AT S8 L. E QPI=32 ), #R4E 20 i Basketball _832x480 #i4%i
F %11 20 5 PartySence_832x480 A4 51| it 45 B 4t i1 B«
(1) 7E 20 i Basketball_832x480 A1 J7 41| 345 64x64 25 Jmtt H. T
19x104=1976
Horp 37 565 4> 64x64 i 57T i 245 AR AT 64x64 73 BN ACHAH [F], 7T LT AT
1, DR AT IR EE
565/1976=28.58%
3-9 s IR AT 1L 11 64x64 P UM 0 IR A B, Ry 92157,

x 10" basketball-832x480-64x644Z A £2 Lt cost

L L L L L L

] HBZE : 9.2157e+004
08 ) IR E © 4375404004 ]

0.7} ‘. ,

os \ |

0.5 [} .

S
V.

0.4} E

L]
0.3r " by
0.2 L -

0.1 LN i

®,
(Y
0 r r r 1 % ey es o -~ &
0 0.5 1 1.5 2 25 3 35
basketball-832x480-64x64-cost ¥ 10°

& 3-0 Baketball 3BT LA 64x64 BRI B ERS 4 E
(2) 7£ 20 i PartySence_832x480 #4411 3L 64x64 Zh i 7T :
19x104=1976 />
HopEAT 395 1 64x64 il LA BRI 64x64 - FIBLA AR, 7T LURATA
1k, ATPARRET &R R

395/1976=19.99%
&l 3-10 Jrn udi i 26 11 64x64 PR U IES A, IERAR Ay 213050.

% 10° PartySence-832x480-64x6412 Fif £ Lt cost

5 T T T T T T

HAEE : 2.1305e+005
ar \ FRAEZE : 8.2365e+004| -
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°
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] 3-10 PartySence 32T 1EH 64x64 BAERAH I IEA A5 B
(3) 7E 20 i Basketball_832x480 LA 7 41 345 32x32 LK Jmht H. -
19x390=7410
Horp 37 3900 4™ 32x32 Zhihith B T i A BN AN 32x32 7 FIBE AL HHIE], AT LASZ i
b, ATDARRTZ IR
3900/7410=52.63%
3-11 PFron AR T 11 1) 32x32 s LA I IR A ], 15RO 24728,

-5

£ 10 basketball-532x480-32x3282 A1 45 IF cost
3 . : : : : .
251 HRER : 2 4728e-+004 .
TRAEE 1 4861 e+004
2t _
Mg |
il
H
114 j
05f _
D 1 1 1 prrer Ty al i
0 2 4 B ] 10 12 14 16
4

basketball-8332x480-32x32-cost <10

[&] 3-11 Baketball 32872 1L 32x32 BAERAH 9 EA 6 B
(4) 1F 20 i PartySence_832x480 A7 51 i34 32x32 2K gwhth 1. 7C :
19x390=7410 />
Horh A7 2551 A 32x32 Z it B e i A AR A 32x32 A EIRE AN AR, 7T DASR AT
b, TIDARRRETZ IR LR
2551/7410=34.42%
] 3-12 3 BT 2 1k 1 32x32 B AR O IE A 7 P, AR 55527

o’ PartySence-832x480-32:3282 1 45 IF cost
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] 3-12 PartySence $2 T 1EH 32x32 BAE R K IEZA A5 B

ML Tt Baketbal IFE 457 %1 FliPartySence AT T 41| Gt 1+ & dfs v n] LA Hi - 4fidh 5 TG 7E64x64
oy EIRI32x324 F T HERT LR HE H O 2T LSS BT g B 2B b, AT R
AR REN TR M gm D BC% . il (A T ie S+ B 22 . Baketbal R T 511 64x64 5
FERT L1 AR B2 92157, PartySence M4 T 51164x64 HLHE 1T ¢ 11 AN #2224 213050;
Baketbal {451 /7 51] 32x32 b $2 i 2% 11 (P ARMN B2 24728,  PartySence MLAIT 411 32x3EL 5 Ay 2%
1L A 55527 . 5 FE B FIAAI T FI M 22 5, 7R RIS IE 64643 AT £ 11 ] FRE
960000, 32x324& 2% 1k TFRE 1500053 175256 o

FEIINBR AT 2 b B R ) b R BRAET X T — Z g Ad F o o 3T IR, S0 T — R A4
1R SR PR o

3. 2.4 i) P e adk 5Tk A——AB U A I+ AL KB B T S

HEE 1 85 R0 LA AR T B8R Fa8 3 il TH A ] DLEEAS B AR A9 ot =2 P T 42
R R IS H R [FIRE L 3 AR T LUE A8 el s ) ) EE T DLZEAS B
3 PEARRARUTT B AT EE N BOR IR BE PR AR Rl Tlis & . Bk 4 heh & 7T EE 1 FISEYE 3
IR AT A AR RIS S T EER I T B B R AR B BB AT & 1)
BIPRN, BRI BEAF PR It 18] il 1 B
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R RR . SRIG AN G & T HEVC SERT g i s it [a] B SR00%, Bk 75T HM6.1 4ihd
e [ g [] HEIN At B o A DU Ao (o) U e SRR v, 3 B R BR R Z e s A v A AT
HFI LT T ANFDT T, B s s s R IR AT IR 2NX2N A )
PRAT RS BUORME TR S . o MR SE R H AR AE AN B PR & (I RT IR
BRI FEAT PR ot [B] PR B IZ B5 6, $ g i A0 o AR 5 i Y 11 S I 2 L o ) 90000 552725
HTHM Z i 2% ot ) T30 00 20dh B2 ARYE HM6.1 4fith 8 57 S g 2% ZR (KPR . HEVC
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START

INTER_2hx2N

Ho
Tea Mo
CBF_Faal

sKP e

INTER_ZMsN | s | INTER_MhN
b
RMTER_2hbmill | | | INTER_ZhunDy
Mo |
b
e}

TestAWP \er INTER _nLx2M | | = |INTER_nRx2M

N

HTRANGN | INTRA_Nxh

Mo | Recursive cal

T ¥ i ¥

xCompressCAl xCompress Gl wCompressGL aComprassCL

K4-3 EFxCompressCUE LR ER!

4.1. 2 P E YRS S5 f I &

AEEVCH 208 TR0 FARIE R FE g b 1 BT ot ) 0000 55002, DR b A 2 i 46 Ay P B
Ht R A TR RS g b, WeR A T BENLAF I 54 . BER T AR T 8155 . I
W TSR B ANTR 4-1 Fis . SR SEae it EE AP S 56 4-2 Pl .

41 TRXGBRZ
EZN2 TR E
MS Visual Studio 2008 build\HM_vc9.sIn

R 4-2 PR

el MY 5B E

BasketballDrill_832x480_50.yuv  -h -i E:\hevc\software\BasketballDrill_832x480_50.yuv -c
E:\hevc\software\trunk\cfg\encoder_randomaccess_main.cfg -c
E:\hevc\software\trunk\cfg\per-sequence\BasketballDrill.cfg

PartyScene 832x480_50.yuv -h -i E:\hevc\software\PartyScene_832x480_50.yuv -c
E:\hevc\software\trunk\cfg\encoder_randomaccess_main.cfg -c
E:\hevc\software\trunk\cfg\per-sequence\PartyScene.cfg

Traffic_2560x1600_30 crop.yuv  -h -i E:\hevc\software\Traffic_2560x1600_30_crop.yuv -c
E:\hevc\software\trunk\cfg\encoder_randomaccess_main.cfg -c
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E:\hevc\software\trunk\cfg\per-sequence\Traffic.cfg

4.2 BRI Rt RE S HITAE

5 SER Gt 2 UG LB AT, 75 258 I RERUAG 0. PATIUAK T AEAE DR SCRY, Hef e &
VR TTEEE . A IO, DR TR A SN A SR N S B B AT SV AT B DA
IEHEMERE .

H T S G 2% AL AR5 2, P DL IR BV RE AT VTS 2 7E HEVC %5 4 il 8%
HM6.1 HR T 3570 S92 BE AR B P R 0 AT S5 A AT 1B 2

4.2. 1 SuHEE 1 R —— B UG R iz sl Fk

i () I B 1 F BB TR S AT R A, R E T O R R ER AT AR
XTIz s R B R FERAT TIEREY K, H R RFE BB F R SRR ATIE T
PR/ i B T () J2 R, R gmAL R

T e H 20 iALAT T 571 Basketball_832x480 M AE 1 PEAE . HM JR ISV FE MU X 1
AR AT 2 A it ) s B s L e ] 4-4 11 4-5 FiTos, ARATUR Bl PSNR. BitRate. MEcount
W 4-3 R

MARERBREESEREELUR

36
35.5
35
m
o
4
Z
n /
a8
34.5
HMR 48 B %
* HMA [F QP 20 #1471 BT & =
BREIEL
34  BIRIABEQPT 200 MR E [

33.5

650 700 750 800 850 900 950 1000 1050 1100 1150
Bit Rate/bit
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x 10° mMEARNEEEREEEZSELEXRILLR

9
77\\\
—
\
8.5
[a)
< HMIR 38 & %
% 8 % HMAE QP20Mimi A RIiZ &8 |
S BEMEEL
3 3% 177 [ QP20mi i /i) Sz & 8
2 75
O
L
=
74
6.5 5
30 30.5 31 315 32 325 33 33.5 34
QP
&1 4-5 Baketbal B 51 5% L Rl TR B & LL e
£%4-3 Baketbal BRI FF 5 HM R 15 B =B I B 18R b
QP 30 32 34
HM JE3k5%:  PSNR 35.80997 34.689688 33.645065
BitRate 1128.92 845.04 656
MECount 8834487.72 8662020.97 8499995.37
Bk 1 PSNR 35.80997 34.689688 33.645065
BitRate 1136.08 853.02 661.46
MECount 6989191.13 6874620.1 6749528.88

M 4-3 FTLAEH, fERGHEIEHIMNF 5 LCU Mg H & N:
(8834487.72+8662020.97+8499995.37) / (3x19x104) =4385.38 (64x64SAD)
TEAEMUEE 1 AT 1A LCU i & -
(6989191.13+6874620.1+6749528.88) / (3x19x104) =3477.28 (64x64SAD)
EHE TELAA:
(4385.38-3477.28) /4385.38=20.7%
A & PSNR FFEAR/)N, ANF] 0.05dB.
SR J5 FH 20 ARSI 51 PartySence_832x480 MIlHAAE 1 MERE. HM JRIGHEE S Uk
1 PR AT R A ()3 SR B i in 1) 4-6 1 4-7 BT, AU 5101 PSNR. BitRate. MEcount
W 4-4 R .
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PartySence-{Il 371 R 2 JR I8 B % 5 1& B & 7% 1Hk 3% -832x480

32 H

315 /
31
' HMIR 14 & 3%

30.5 <
// K HMAR [ QPR 200 1 5% & & 5
30 BRExL i
y *  #3% R [ QP 20 4L 5 2
29.5 /

S

PSNR/dB

29
2000 2200 2400 2600 2800 3000 3200 3400 3600
Bit Rate/bit

&]4-6 PartySence R85 51 SE 1AL R & L8
RagySence-il 18 7 U i 1 8 5 14 3% 5 15 0 8 % 1B 2 -832x480

— 3

HMIR 14 & %

3 X HMAEQP0oM M B MIEHE |
CEE

O % URE QP2oM i IE) A iE B

MECount/64x641R SAD

0
30 30.5 31 31.5 32 32.5 33 33.5 34

QP
El4-7 PartySenceL B 7 51 Bk Ll [H Bl 2 & L
224-4 PartySenceM A FF | HM R I BB B & B 1 5035 i

QP 30 32 34
HM JFURE: PSNR 32.032452 30.666974 29.398978
BitRate 3560.12 2666.46 2022
MECount 7847747.56 7678533.46 7540765.41
Bk 1 PSNR 32.034091 30.654444 29.381095
BitRate 3577.52 2681.1 2026.72
MECount 6526297.8 6417587.86 6316352.720

R 4-4 HRT UG, R SEE PRI 5141 LCU [z 5y
(7847747.56+7678533.46+7540765.41) / (3x19x104) =3891.20 (64x64SAD)
FEABESIE 1 Ui 5144 LCU ISy
(6526297.8+6417587.86+6316352.72) / (3x19x104) =3249.03 (64x64SAD)
BT RFAN:
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(3891.20.38-3249.03) /3891.20=16.5%

PBITE & PSNR R &R /)N, ANF] 0.05dB.

g5 L RTIR, Wl A TR SO B 1 7R AS B SR PR ATURE = (AT B R, AT LA R T i2
R T BE 15%-20%, XT3 s dmil 20R A5 A F

4.2.2 BUHENE 2 HEREVEAG —— B o U B AR R s At R

A Tt ) S0 B0 P ARk T SR 22 2 G A 22 B, AR SRR

AN TR £ 5 BT SR B T S e R A A e, MR TR AL 2 7RSS LB LT
BAG RIS SG TSR ISR FRET T8 ok, 32 B R e o 1R AR =R B AT 2L R AT
T

5 20 WiARAE Y 51 Basketball_832x480 MK 52 2 PERE . HM JR UG BEAME U 2
(AR o B R0 ot )3 B LA an 1] 4-8 1 4-9 B, FAIUT 41 PSNR. BitRate. MEcount
W 4-5 FiR.

MMRERVEESERERALR
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R EE2
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33
600 700 800 900 1000 1100 1200 1300
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x 10° MERNEEERRKREESBERE R 2R
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R4-5 Baketball L7 5 HM R S B LB B B vk 25038 ek

QP 30 32 34
HM JFREE  PSNR 35.80997 34.689688 33.645065
BitRate 1128.92 845.04 656
MECount 8834487.72 8662020.97 8499995.37
Bk 2 PSNR 35.629227 34.496619 33.458397
BitRate 1237.58 925.08 709.42
MECount 2336922.88 2258355.33 2237285.18

H# 4-5 TLAEH, fERGEIEH T 5 LCU Mg H & -
(8834487.72+8662020.97+8499995.37) / (3x19x104) =4385.38 (64x64SAD)
TR L 2 RS F 518> LCU s B &2
(2336922.88+2258355.33+2237285.18) / (3x19x104) =1152.59 (64x64SAD)
EHE THFLAA:
(4385.38-1152.59) /4385.38=73.7%
A & PSNR FFFECK, #5759 0.5dB.
SRJE 20 WIRLSF 51 PartySence_832x480 MRS 2 MERE. HM JRAGHEVEAME S H %
2 R AR B AT A 35 S EL e n (8] 4-10 A1 4-11 Fra, 45U 710 PSNR. BitRate . MEcount
W 4-6 FT7s.

PartySence-{il 7 &R & JR ¥ 8% 5 1& B & % 2Lk 5% -832x480
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32 /*
/ L 3
31.5 /
% 31 /
e
: rd
o 30.5 /
i
30 / ; PPN F
/ HMIR 38 & 3%
/ K HMA [E QP 20Mi 1 47 R & /&
29.5 EREE?2 i
¢ + Bk 2R E QP 200 47 K B
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2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000
Bit Rate/bit
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x 10°PartySence-iii [8) 7 Ul 1= & 8 JR 48 8% 5 18 BUE % 2k 12 -832x480
8 ¥* '
+ i
7
6
e HMR 88 8%
B 5 X HMAREQP0iiMiiE RizE &
& CEETY.
g 4 O HE2FEQPomiMEAIEERE | |
(e}
=
8 3
= 9 o
2
1
0
29 30 31 32 33 34 35

QP

El4-11 PartySence RS 7 5 Hvk: 21 18] T 12 & LL ¢
224-6 PartySenceM B FF 5 HM R 1f B ME o & 28035 L i

QP 30 32 34

HM JFOREE:  PSNR 32.032452 30.666974 29.398978
BitRate 3560.12 2666.46 2022
MECount 7847747.56 7678533.46 7540765.41

Bk 2 PSNR 31.752641 30.369019 29.1172
BitRate 3801.68 2811.3 2090.54
MECount 2929310.17 2716904.52 2576247.76

K 4-6 ATLLE H, 7RG HEE RT3 84 LCU s H &N
(7847747.56+7678533.46+7540765.41) / (3x19x104) =3891.20 (64x64SAD)

TEAE MR 2 AT 1A LCU i &

(2929310.17+2716904.52+2576247.76) | (3x19x104) =1387.06 (64x64SAD)

EHE TN

(3891.20.38-1387.06) /3891.20=64.3%

A & PSNR FFFECR, #1754 0.4-0.6dB.

SR PR, ot E) I ot B 2 BRARSEAS i ) IO SRR IS SR R B T 60%-70%, {HAZ
WA AR TR A E, PSNR R T 0.4dB-0.6dB. AJ I, E3ARMIHE] T Eﬂziﬁﬁ% 2
A THCZ A, AT RAK R FE B AR (] i i S, AR TR0 R 80K, h9R 7
sRegdt .

4. 2.3 St EE 3 MERE VAL —— A2 s =

ST BRI 2 10 S IR 25 F IR 3 it b, 28 2 R AR A 3] SRt AR o ] 0] 4
?%E/Jl_ﬁ ST NE 2, (B Tk T REDIRS (74 A VR R i ] 0000 B 75 P DR 5 2 i 2% 1 b AR 25 F A3
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INTER PREDICTION CODING AND SIMULATION OF
THE NEW VIDEO ENCODER STANDARD (HEVC)

In the video encoder, one key video compression technology is inter prediction. It uses
motion estimation, motion compensation and inter mode decision. As a result, it significantly
reduces the code rate. This paper works on the inter prediction algorithm and proposes several
new algorithms to achieve better performance between computation complexity and video quality.
One of the new algorithms is for real-time encoder, the other four have improved the inter
prediction algorithms of the HEVC reference encoder software HM6.1, and have been tested to
have better capabilities. By changing integer pixel motion estimation and inter mode decision,
these algorithms achieve better coding performance while reducing the complexity significantly
without affecting the video quality obviously. The experiments in this paper are taken on the
HM®6.1 software platform in case of UHDV (4Kx2K——4096x2048p@30fps, 3840x2160p@
30fps).

HEVC standard is designed to encode the UHDV video sequence. Its core objective is to
achieve the same video quality with H.264/AVC while its compression efficiency is twice as
H.264/AVS. To achieve this goal, the complexity of HEVC will increase largely, and maybe three
times than that of H.264. In HEVC video compression standard, several new technologies have
been proposed such as:

Quad-tree structured coding unit with variable seizes

Symmetrical and asymmetrical prediction unit used for inter or intra prediction

35 directions intra prediction

CABAC entropy coding

De-blocking filtering including Adaptive Loop Filter(ALF) and Sample Adaptive
Offset(SAO)

extension precision option

inter prediction which uses new Merge mode

These technologies improved compression bit rate and guaranteed video quality, yet they
brought about higher complexity. In the video encoder, inter prediction occupies about 50% -90%
of the total computation operation: for the encoder of consumer, inter prediction occupies about
2/3 computation operation; for professional encoder, inter prediction occupies more than 70%
computation operation. In conclusion, inter prediction act as an important role in video encoded
process for encoder performance.

In the HEVC standard of inter prediction part, a series of new technologies have been
used such as:

using Merge mode instead of SKIP mode and DIRECT mode

using spatial-temporal Motion Vector Estimation instead of only spatial Motion Vector
Estimation

1/4 luma interpolation based on 8-tap separable DCT-based interpolation filter

1/8 chroma interpolation based on 4-tap separable DCT-based interpolation filter

These new inter prediction technologies reduce the bit rate effectively, especially the location
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of the MVP and Merge motion vector candidates. These candidates use three methods to remove
the redundancy information of the time domain such as spatial-temporal prediction, the
combination of bi-directional prediction, the zero motion vector prediction. The Merge mode is
the largest change of inter prediction. On the one hand, coding unit can utilize Merge mode to
fulfill SKIP mode which transmit neither Motion Vection difference nor pixel difference. On the
other hand, prediction unit can act as Merge mode which doesn’t transmit any Motion Vector
difference. A wide range of applications for Merge mode make HEVVC compression result better,
which proves Merge mode to be a very efficient coding method.

Moreover, this paper explained the inter prediction algorithm of HEVC reference
encoder HM6.1. In HM6.1 encoder, inter prediction algorithm adopts several methods to reduce
computation and improve the accuracy of the algorithm. For example, In integer pixel motion
estimation, the encoder takes the integer pixel down-sampling method to reduce the computation,
adaptive radius eight points diamond search to improve the search accuracy, raster search to
prevent large motion vectors, the fine search after coarse search to further improve the motion
estimation accuracy. In mode decision, the algorithm includes early termination for SKIP mode,
prediction unit segmentation judgment, etc. These algorithms make the coding performance better.

However, the computation in the encoder is very large, every Largest Coding Unit needs
about 3000-4000 64x64 SAD computation, which makes the efficiency of the encoder become so
slow that real-time encoder can hardly been carried out by this inter prediction algorithm.
Considering the need to reduce inter complexity for real-time encoder, this paper proposes an inter
prediction algorithm for real-time encoder, which decreases the computation largely. This inter
prediction algorithm adopts several new method to control complexity as follow:

the early termination of SKIP mode

the early termination of the Merge mode

2Nx2N segmentation priority principles

the hash algorithm which used to control the number of search points

cost storage mechanism

Under these mechanisms, every LCU only need at most 114 SAD computation cost based on
64x64 block, which can greatly reduce the inter prediction complexity under the premise of not
affecting HEVC coding performance.

In addition, based on the inter prediction algorithm of HEVC real-time encoder and the
HM®6.1 encoder software, the author put forward four improved algorithms to achieve better
performance. In these four algorithms, the author made a research on different parts on for integer
pixel motion estimation algorithms and inter mode decision algorithms. At beginning, the author
modified the integer pixel motion estimation algorithm for the improved inter prediction algorithm
1. During algorithm 1, the author increased zero motion vector early termination algorithm,
modified the cumbersome refinement algorithm refined. Next, algorithm 2 was proposed based on
algorithm 1 with improved inter mode decision. In this one, the author added two new early
termination algorithms. One is for Merge or INTER_2Nx2N mode early termination, the other is
for next coding unit early termination. By these early termination method, lots of inter prediction
works could be skipped so that inter computation cost could be decrease greatly. The third
improved algorithm is designed to consummate the mode decision algorithm, by changing the
threshold of the early termination according to the video sequence coding statistics of the early
skip threshold. The fourth improved algorithm combines the first algorithm and the third
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algorithm, modified integer pixel motion estimation and inter mode decision, and achieved a
better performance than HM®6.1 inter prediction algorithm. This part is the main basis of the fourth
chapter of the software simulation to improve the HM®6.1 inter prediction algorithm.

Finally, based on HM6.1encoder inter prediction algorithm platform, the author did software
simulation and analysed video performance. Through statistical data from the experiment, the
performance of the algorithms are presented as follow:

The first one modified the integer pixel motion estimation, and made the inter prediction
operation decreased by 15% -20%. It also made little effect on video quality. Thus the first
algorithm is very beneficial for improving the coding efficiency.

The second one modified the inter mode decision based on the integer motion estimation.
Although the inter prediction arithmetic operation decreased by 60% -70%, it brought greater
damage to the video quality---- PSNR drops 0.4dB-0.6dB. So the second one cannot be considered
as a good inter prediction algorithm. However, taking the sharp decline of the computation
operations into account, the second algorithm does a good job on decreasing complexity.

In the third algorithm, the author redesign the threshold for early termination and parts of the
mode decision based on the statistical data. As a result, the third algorithm decreased the inter
prediction computation by 5% -50%, and there is no obvious video quality damage. Obviously, the
third algorithm is also a better one than that of HM®6.1.

The fourth algorithm combines the first algorithm and the second algorithm, reducing the
inter prediction operations by 20% -60%. It did not reduce the video quality significantly. The
fourth one is the best one among these four. Based on experiment results of these improved
algorithms, we can infer that algorithm 4 does not affect the video quality, effectively reduces the
computational complexity of the inter algorithm, and completes the task of this graduate design.

During the experiment, the author mainly take these video sequence 832x480 and 2560x1600
as tested video sequence. The sequence used in experiment are as follows:
BasketballDrill_832x480_50.yuv, PartyScene_832x480_50.yuv, Traffic_2560x1600_30_crop.yuv.
They are downloaded in HEVC website as encoder software tested sequence.

Overall, this graduation project researched on the latest video compression standard HEVC
and its reference encoder software HM6.1. Based on the research above, the author proposed a
new inter prediction algorithm used in the real-time encoder and four other improved algorithms
applied in HM®6.1 encoder. At the end of the paper, the author conducted the software simulation
and proved that the algorithm outperform HM®6.1 between coding efficiency and video quality.



