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Half-Pixel Motion Estimation Based on Linear Prediction

ZHANG Wei-ming, XU Yuan-xin, WANG Kuang

(Institute of Information and Communication Engineering, Zhejiang University, Hangzhou 310027 )

Abstract In video coding system, motion estimation at half-pixel accuracy can obviously enhanced coding efficiency
compared to the motion estimation at integer-pixel accuracy only. However it requires more computation at the same time.
In order to reduce the computation and while enhance the speed of motion estimation at half-pixel, we proposed a novel
half-pixel motion estimation algorithm named half-pixel motion estimation based on linear prediction( BLPHME) for video
coding in this paper. The key point of the algorithm is setting up a linear model by analyzing the relativity between the
results of integer-pixel search and half-pixel search. Then we can modify the threshold dynamically for each frame. By
doing so, it can skip over the blocks that can’ t be benefited from the half-pixel search based on the block size.
Experimental results show that significant reduction in computation of motion estimation is achieved together with the
increment in bit rate by using the proposed method, but without obvious increment in bit rate and visible loss in video
fidelity and increment in bit rate. Moreover, the proposed algorithm can be combined with any of the fast motion estimation
algorithm at integer-pixel or half-pixel accuracy to further reduce the complexity.
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% ( half-pixel motion estimation based on linear
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Tab.1 ESR of the classic video sequence

News Silent Paris

¥ 3 4

Tempete

Foreman Stefan Mobile Football

4-MV HEH (% ) 5.06 7.19 11.61

14.24 16.35 19.74 26.26 29.78

EERE R TD R TR —NERERH
WLEAEFT A-MV B, B RTEMN SN ERETF
BEMRICEIERE A BERE . RTMAE 1 40T LA
AW, il T AENHK Y 51918 30 R R 18 8L R
RELHY | B )5 R 4-MV B 8 B b R 5 A
30% , P I, X8 AR 3K A0 R DT A3 R A 4 R o1 AR
RXBHR, WURAEH LB LR RE AR
F4-MVEL, TR 4 B 4 X 3% 86 % R AT R K i
RILEER, BTHE - MEREEZRA4-MV
BAB R RANEX SAD, o <SAD( - (N,/2 +1)
(XREMEAERRERER) BBRL, ZRER
LR TR R R IOE R Ik, RADBER
SAD s ~ SAD, W {ELAF B B8 AR AR, AR R SAD, -
SAD,  AE R AR B M4 F , OF LB ORI X 2

SLREITE S Y =129 Bhig X (E (BUR) 6 34
AFNWTRE T BT EREIRE R ITR, B8
Bk 2 PrRshiR.

®2 BEE(SAD, -SAD, ) 5+BE
(SAD,, -SAD, , )i X %
Tab.2 The relationship between integer-pixel and

half-pixel about SAD  — SAD

4x8

igdE Ma AR FIRITRR
News ¥=0.93232X +19.016 118
Silent Y =0.82965X +21.193 130
Paris Y=0.98537X +36.778 94
Tempete Y =0.67431X +50. 864 116
Foreman Y=0.9803X +28. 788 102
Stefan Y=1.0684X +41.53] 82
Mobile Y =0. 541 89X +58. 554 130
Football Y=1.0949X +231.619 98
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BEREBRWILLERELIRELGEEBRE
(optimal half-pixel search ratio, OSR), # 3 4> 5%
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Tab.3 ESR and OSR

_ ¥ 5 %
E-E7 - :
News Silent Paris Tempete Foreman Stefan Mobile Football
ESR(% ) 3.571 5.220 8.629 7.025 13.434 12.057 11.177 24.582
OSR( %) 4.518 6.003 11.75 12.631 17.518 19.58 15.04 26.947

L ESR B AE4R , L OSR A P\ A A5 5 28 45 ]
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A B AR, WA XS, AT
BT MREXRR:

OSR =1.1 x ESR +0.026 (1)

X AL ES R R T — R B OSR 1)

F ¥k B TR —AN TR, B B B 24 5 i A9 52 bR

5 % B 48 R % (actual half-pixel search ratio, ASR) Fli

AREBEREREREMAFEL (1) R 457

BRWBRELBERBERR, BFE B B HH

ASR 5 OSR Z B R, AT LA A BT M BT TBR B &

BARXANFS, EARXMEER T —WIR TR,
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Fig. 1 The linear relationship between ESR and OSR
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(1) &% mdv_searchMB =0 ,mdv_usefulMB =0 ,del
_threshold =111 (iZ ¥ IR E 2 £ 8 NP5 F 1y
) ;

(2) WMFEHANER, ABBEBERGRLUEH

B LIE B SAD (#l SAD, ., 25 SAD, — SAD, , > del_
threshold B}, |4 flag =1, W flag =0;

(3) % flag =1, WE R FAT LB E QR ITE
3 ,mdv_searchMB + + (MR ZEHREBEAFHT
4-MV# S, W) mdv_usefulMB + + 3 flag =0, W BkiF
BERKEGRRILEEER;

(4) % ASR = m4v_searchMB/396 , ESR = mdv_
usefulMB/396, W) F| Jij % =X (1) Bp AT oK 3 A6 Y
#) OSR;

(5) WHE del_threshod fEH T — W IR, 1
FREy AR A e LanF -
del_threshold = del_threshold x (1 + ASR/OSR)/2

(2)

2 ASR > OSR i, 4 (2) AT A0, oy F T FROKE
AR, AT AT B AR T —Wii ASR, X R B — 4~
FBER, B Z IR .

3 XBERESH

S T i{ BLPHME B ¥ &9 1 R, 7% PC #l
(Pentium IV 1. 8G,512M J§7£) I, %} BLPHME & #:
MG E AT IR . W8 R MPEGA £
IR A SPHE SR, MR A 7 5 R A SCHIT T £ 42 31 i
8 MM CIF B 3R B BAA T 31) (5X 26 5 51 2 A4,
T A FRREE AL ) , Wi 250ps, AL R E
QP =10, i KR T Football H1 Stefan J& 90 0%
ShOHABE A 100 B, RE O KD KR(-16,
15.5), AT EFHEKA SR EGER, BRE
MEREBHEHBRATLBRAEER HPEO
PR T, EERMEE P, R4/ THESEE
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Tab.4 Compare performances between the two algorithms
i 2IF
LT B - - -
News Silent Paris Tempete Foreman Stefan Mobile Football
HoE S 34.80 32.91 31.55 30.48 33.87 31.56 29.49 34.35
Yot {E
" BLPHME H ¥ 34.78 32.90 31.53 30.45 33.83 31.54 29.44 34.34
54t (dB)
PSNR 3% fin {& -0.02 -0.01 -0.02 -0.03 -0.04 -0.02 -0.05 -0.01
e G 152.2 152.2 366.2 754.4 293.2 806. 6 1429.6 698
S{Ziggg@ BLPHME & #: 153.0 151.4 370.0 755.8 291.8 808.2 1445.6 694.4
(kbps) V155 R (g +0.8 -0.8 +3.8 +1.4 -1.4 +1.6 +16 -3.6
ASR(% ) 8.525 10. 132 12.457 9.035 17.439 13.468 8.982 32.334

¥ M BLPHME B3GR M b (LA 6 5 T A9 M RE L
B L) B i A WY S PR 4R B R R OE A,

fh 545 R %1, BLPHME & 5k 7T DU K b f& %
KRR EBROBEE, R B FHR 5E5%E
B 14% BB AN R R AT EER 4.56 1%
BES (BT EREEE RO LR YN B IR
KM - RKER EAMEENELLETEER
8+8=161NE (H—MULW 8 1, BBEREHEK
BEAEK 8 4. HILAK BLPHME Bk 4 F
WHE—IERUER A TERN, ATHEMTER
8 x50% +8 x14% x50% =4.56) , ifij [l {5 i i {5 12
-3 RUF B 0.025dB, 73 % 7 ¥ 32 & 1. 825kbps,
MR AXBEHHEBEEHERRENBRSELE
B, TR B BE £ A W i 51 Y 42 3 R Ak A B
BEREAHF,BHKEBTREFHNER, XHEHA
BLPHME & % BA M4 Z K& A,

B T BLPHME 8 3k 78 Bk i K £ 3 X0 %k iy sk 1T
Ao R FIB, Bkt TR EHEL FFERA 4-MV

B B BR VT g 48 R, WA T S 3D AC S8R AN gk
ek f T, B 48 VR Y e (5 W LS R RE OF
Rz A BREA, H-BIAN, BHEEELT
fe7£0.1dB LI , KX EREREWIHEAHE, #
— WA BT R B, A T AR E 8 L R T 5 i
5 RAFBEHEEENER, TR REFRL, &
RWEE L, MAZREEHENBRK, TxtE 3B
B AT £ BT 5] (40 Mobile) , B R e {5 (F Mt
BT RN R, XEHTFXEFNBGREME
BEPHERXREREFIGIERN,

MAE 1 Hamk, BRAERRERRME
RFFEHRERE, EMNAEH— %L P AR
REGERH, FETROWE D, FRAHER4]
FTRENEABEENBEENBRER HEE
BLPHME B & # 17 £ 8B 0 i, Wi 3R 85 R & S 50f
BI— KM, RSHUWTHEREBRRALE
AR, MR EREERDEANERL B
I A e 18] 3 AN AR RE IS R

RS WHHERENEELER

Tab.5 Compare performances between the two algorithms

j: Z1E
% Bk _
News Silent Paris Tempete Foreman Stefan Mobile Football
IR/ 34.68 32.88 31.52 30. 46 33.65 31.47 29.49 34.21
Yo i (g
. BLPHME .3 34.66 32.87 31.50 30.43 33.60 31.44 29.44 34.19
5%t (dB)
PSNR ¥ & -0.02 -0.01 -0.02 -0.03 -0.05 -0.03 -0.05 -0.02
R H % 147.2 147.8 365.0 748.2 282.0 842.2 1417.8 799.0
qiﬁﬁg)*‘ BLPHME & 3% 147.0 146.8 368.0 748.8 280.0 847.0 1435.4 790.6
ps
Ky A A -0.2 -1.0 +3.0 +0.6 -2.0 +0.8 +17.6 -8.4
HRE® 52.1 52.5 52.5 54.3 53.8 48.3 54.7 49.6
FH4gwikE  BLPHME By 45.3 46.4 45.4 47.1 48.4 43.4 48.1 46.5
B[] (ms) i [
B PSS e 13.052 11.619 13.524 13.260 10.037 10. 145 12.066 6.250

THE(%)
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