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Abstract

This paper presents a motion estimation (ME) algorithm for High Efficiency Video Coding (HEVC),
which provides a strategy to speed up the search process significantly, while yielding the same
quality performance as the Test Zone Search (TZSearch) scheme in HEVC Test Model (HM). Com-
pared with the H.264 /AV(C, HEVC employs a more complex hybrid coding architecture and a larger
size search window, leading to great computational complexity. In order to reduce the complexity,
a novel motion estimation algorithm is proposed, in which some limited pixels of certain position
in the current search window are utilized to build a quadratic model, and then shrink the search
range repeatedly by analyzing the sum of absolute difference (SAD) distribution until the best mo-
tion vector (MV) is obtained. The proposed algorithm can be applied to various encoding condi-
tions. Experimental results show that our method can save 40% of computations compared with
the HM, with negligible decrease of coding quality.
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Figure 1. The TZSearch algorithm in HM
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Figure 2. Graphic of quadratic model
2 ZRREREE

F(A)=F(-10)=a-56+¢
F(B)=F(01) P+e+l
F(C)=F(L0)=a+6+¢
F(D)=F(0,-1)=fB-¢+¢
F(E)=F(-1l)=a+B-y-5+e+¢{ (€)
F(F)=F(Ql)=a+p+y+5+c+¢
F(G)=F(L-1)=a+pB-y+5-¢+¢
F(H)=F(-L-1)=a+B+y-d+¢e+¢
F(O)=F(0,0)=¢

Rk, FIF Ov AL B. C.
W IR T PIR:

D. E. F. G H LS IARYY SAD 18, RIATTHE A2 ok B0 1) BT A

U]
&=

¢=F(0)
y =arg minp:E,F,G,H ZQ:E,F,G,H ‘F (Q)_

O,

Q)



wE, mt

SHTFEF (X, y)=ax? + By’ + yxy+Sx+ey+{ BATHOMHENE, M F(x,y) M x 385 y 750 &K 55
W0 W, PRI (%, Y, ) BARME R . 2o > 00, B A — i, A B M E S,
W, R oRAE R, BARR AW AR s -

[y*g—Zﬂ*é y*0—-20*¢g
(%, ¥p) =4\ da*f—y* " daxp-y?
{6, y)|ming_g . F(P)},  ifa<0

e ST, WA A A KA A BT, 35205, 78 O A-H 1 SAD (LN S IE AL LA (%, y,) -

DL E BB AL R LA R 130" (R R, )+ A L2 b

W17 2 o AR TR Bh O s, B KAh— 2k, B R = RI2, T8 RSB, BT (R, R, )
f .

RN TAET 8, 15 AR RE, EHR A BARARH A\, TSR SAD, HEHK SAD i/
{1 SR AR HATURG A, DL 50 5 26 1 B A TSR 20 1 B

Eg, BRI (%, y, ) OISR

32. BERSMBENTEITELRE

3.2.1. ERSREE

FEAR R G IR LG £, FIF AP E RS, RIS MarEE AR By 07 A BRI sh R,
WEANR B P EE ARG R S .

A FIRFE T HM S R 5 ) Rt 4 5 R B R O AR B ) B AT . SERRAER, e
RO RRE e 2E, B HM h BSEEL T B AR RO, (R RAE .

322 BEREROHESE

R I ETNE, WM ST, FIIR IR E R/NEI 64 x 64, LUK 32 BB A 5 R H
JER 9 AL F (X, y) = aX? + By +yXy +Ox+ey+ ¢ MBI AT EIRIUE — IR R 15
PAE. 2RJ5, EARTRRH BT 28R, BERMZPKA/NE 8, (FILEK, A 9 Mkt
RAGER

323. DG EHRNITESE
MMERMIBE R EIFH TR S BGRIO, RAEEN TG ENE DGR BT

}Wa>0
®)

PLE = B R R A R A BRI RIE S, WHCY AT S5 AR 9 /S sl LAY
F(Xy)=ax?+ By +yxy+ox+ey+¢ , ML S T SRIUME FB s R B THE. Jerh, PR/
TSR — NG AR N 53 BE 8 B R BRI B (%, y, ) » 7 FER/NA 0.25.

-0.75, if X, <—0.675

-0.5, if —0.625< X, <—-0.375

025, if ~0.375<x, <~0.125

X, =10, if —0.125 < X, <0.125 )
0.25, if 0.125< X, <0.375

05  if-0.375<x, <-0.625

0.625, if 0.625< X,




#E, @kt

-0.75, if y, <~0.675
05, if -0625<y, <-0.375
-0.25, if ~0.375<y, <~0.125

Y, =10, if ~0.125<y, <0.125 (10)
025, if0.125<y, <0.375
0.5, if —0.375<y, <-0.625

0.625, if0.625<y,

4. SEREER BTN
4.1 WRFFF

HEVC ZH ARt T — RAIFIMATFH, s T ES P, RIZUSHIFEE . seREXT LSS T
] (AR AT A SO o 230385 4145 Class A(2K). Class B(1080p). Class C(480p). Class D(240p). Class
E(720p) %5 H P73 HER AN 2, B — A0 A B A R IR S

4.2. VI EIR S SEIRRTEE

PSR 284 T A B HUQP) RS B AL SR IR, 9 T T4 i B T4 428 10 B A
R AT RIFFAT SN, SIS HOY 22, 27, 32, 37 IUFHHINL, JERHR,
BRTHYE.
99T RAEHE SEREEIRTE, RATFI AR (LRI H SR L B4 O T
1 Time 60 (QP, )_Timepmpﬂsed (QP')
TS _ZZi:l Time, 60 (QR )

b Time, 60 (QR ) 2 S H AT HM16.0 X% /7 41T RALS HL QP ARSI TA],  Time, o0 (QR) /2
A8 F T H R B A v PRI B 2 S R R T ]

N T RAEGRASAAR RS, B ELL AR AR A2 AT S ) 5 1 28 (RATE) R (EL {5 M LL(PSNIR) o H 26 6k
N, GRS RSSO, o IS TE T S8, i s IR AA PERERRAT; PSNR & JEAAI 5 i 45
)’éi‘%*ﬁﬁ?_l‘ﬂﬁ@i’ﬂﬁﬁﬁﬁﬁﬁ?(f —1)2 (IR HUE, PSNR EEE, U6 AH R 40 & 0 Sk iy, 5 R sz
SN

BTS2 F0 PSNR Z A6 RABARLRMER, X TR 50 AN [F) g i 28 %o T[] — MR AT 1 i 45 5 o =21k
RE, ELFZLLEDZAN PSNR EFI/NEA RS2 T I RIMER IS R T EgEvE R 5 wid i & A 9k
AR, N TR L, FRATTRT DUBCE CEAR [RI B 5T &R N et Re,  BCE CEAR R R AR PERE T X g
TR AT U, B AR B R A3 . KR . SR, A RIZwALE4RID 5 5% F1 PSNR {H, 1R
M B R P L. ik, BATRA Bjontegaard $2HH IHVL[9]: B 5L, XTI HARKATIN AR 551,
SRR RID T R, ENUANAEPENSE QP Rk T4iis, 2l HILER S PSNR H; A5,
FEAFRR LTI R, BN F RS SH QP I ZAI PSNR, # H L&t — 26133 H1 PSNR
RD #i4k; &5, @I MFMAMEEMENR S, BN RDEENESE L, /3] PSNR HEIEE
BD-PSNR (Bjontegaard Delta Peak Signal-to-Noise Rate, H.f7>%y dB), 7E#A4> PSNR HEE F, 1554
505 11145 (k% BDBR (Bjontegaard Delta Bit Rate, F 7% %KR). HH, BDBR F/nTEAH [E 1% MR
BN, PIMOTERIRS R EAE1E S, BDBR BN, RO HT g &I R PEREBEE: BD-PSNR FIR7E4T E
MIFZD R T, PiFP 57200 PSNR-Y FIZ 5%, BD-PSNR [{E#K, 7R 2Rl Smi0 48 1 BT 45 i

©,

x100% (11)



wE, mt

43. EWHER

I8 LR ARRR, 2 AR HEVC 3% 8 HM16.0 5 A H 5%, $%1% Bjontegaard 45 Hi
(7715, 32 HM FE8ah it 5k S A SRS L Es |, a0k 1 Fow.

e 1 ATRUE Y, AT U R K2 31%~500 KA1 4, PSR BTN 1.0%, ~FEJ K iE
BN 41.5%, FoRE BRI R KL 0.005dB. FiS AR IR R AR s, ULE T LR, (=
FH ST >R (RS )1 48 A2 A AT WL

T R RS L) RD MR, RIS 54512k 1 /A th 4R 1, mT DA Sk i ph SR [ gt 45
REBYE. WK 3 fs, Wi A EESSE RN mID RD gk, —HVERRERL, 8%
I AR R IEAATT BT 25

Table 1. The coding quality and complexity reduction compared with the HM
1. REEZESSERHETINRE R

eyt F54 APSNR-Y (dB) BDBR (%) BD-PSNR (dB) N 8] 15 44 (%)
Traffic —0.001 0.9 —-0.05 52.3
A PeopleOnStreet —-0.004 0.9 —-0.05 47.7
Cactus -0.003 1.0 -0.02 322
B ParkScene —0.001 0.7 —-0.06 39.1
Kimono —-0.013 13 —0.05 36.1
BQMall —0.004 0.8 —0.08 42.2
C PartyScene —0.005 0.7 —0.06 43.3
BasketballDrill -0.004 13 -0.04 46.6
RaceHorses —0.008 1.0 —0.06 38.3
D BasketballPass —0.004 1.2 —-0.09 48.5
BQSquare —0.007 1.2 -0.07 42.7
Johnny 0.003 13 0.06 43.7
E Vodyo3 —0.003 0.9 —0.04 38.8
FourPeople —0.005 11 —0.06 31.3
T EME -0.005 1.0 -0.048 415
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