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Multilevel Successive Elimination with Half-Stop
Motion Estimation Algorithm in H. 264

XUE Quan, LIU Ji-lin, CHEN Jian-le

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

Abstract H. 264 video coding standard uses motion estimation with multiple block sizes to reduce block-matching
errors for higher rate-distortion performance. But the more modes are used, the more computation is needed
linearly with the number of allowed block sizes. So a fast block motion estimation algorithm named multilevel
successive elimination with half-stopping (MSEHS) is provided in this paper. According to the analysis of
statistical characteristics about the best modes. multilevel successive elimination algorithm is described to speed up
the searching process for the larger block modes firstly, then using the middle results SAD (sum of absolute
difference) and motion vector, a half-stopping principle is defined as a threshold to judge whether it is necessary to
continue the motion estimation for the smaller block modes. MSEHS algorithm not only reserves the advantage of
multiple block modes in motion estimation but also deletes the redundant computation in the searching process.
Experimental results show that the proposed technique provides competitive performance compared with full search
algorithm. that is. highly reduced computational complexity, very similar image quality and bitrate.

Keywords video compression, H. 264, motion estimation. block matching. half-stopping

b 0 ’ ITU_T/
1 ISO/IEC H. 264"
o b ’ [2] b

(60302013)
:2003-08-075 :2004-03-10



6 :H. 264 713
, s ,H. 264 7
H. 264 (16 X16,16X8.,8X16.,8X8,8X4,4X8,4X4),
80% B 16X16,16X8.8x16,8X8 .8 X
m, N 4.4X8,4X4 . 16X 16 .
b b 7 b
) s 1.2.4.8.16 ., H. 264 1
b o 7 .
H. 264 o ’
2 . .
. 1
MPEG-4  H. 263 akiyo  stefan
16 X16 §X8 2 o 1 7 16 X16~4X47 o
106k |
@ mi-an | 4t -2
_ | Rkf-16 N M| 16 |
z = &
g W
g g
7 g
= I~
.ﬂ-_n_-_—-_n—-.-_—- wﬁ .. m.
g a i h fl 7 3 1 B i 7
10 P R T, (19, vET3
(a) akiyo (b) stefan
1
N N
“XHI :ZZf(la]9t)
’ Al i=1 j=1
. R ; s N N
. ) i=1 j=1
s o (1)
(SAD),
3 . SAD SUM.,
, , (D SAD
, . SAD(curr_min_SAD) 5
3.1 C6] (2) s SAD SUM,

Xl = Y @ || <
N N

‘ Z‘f(l9]9t)_f(l_x9]_y9t_1)|

i=1 j=1

(D

curr_min_SAD ;
(3) SAD_SUM

curr_min_SAD,

4

curr_min _SAD
SAD

SAD,

b

curr



714 9
min_ SAD , @D)
curr_min_SAD, SAD N <CSAD (5)
s SAD_N, SAD_
, SUM ., SAD_N

SAD ) ,
3.2
2 ,H. 264
) . 1(16X
16) , o
16 16
6 5 % g/ S %
:X! :X1 YS : 4
1 !
I I

A= T /

V4 ] V4
A A0/
/s /ot

1 1

— JE
2 x i

(a) (b)

2
16 X16 4 8§ X8 )
X1 X5, X3 X
Ylayzayng1o

X0 = I < X =Y,

X = Il <%=y
Xady = Yl | < X = Yl
Xy = Y < X =
1 1 4
DRI N ANED NI AT IED
k=1 k=1 k=1
16 X16
SAD_SUM,
4 8XS8
, SAD_N(N=4),
SAD_ SUM << SAD_ N (4

16X16,16 X8  8X16
, 8§ X8 SAD_SUM
s SAD_SUM,
3.3
:16X16

o

Cost(i) = SADG) + (w0 X MV, (i) >4 (6)
W SAD (@) 1(=1,2,3,4)
SAD, MV () o)
s A 256,

Cost (4)<min{Cost(2) ,Cost(3) } < Cost (1) (7)

b

3.4

(D o

(2 s
8§ X8 ) SAD_
SUM,

3 16X16,16X8,8X16 3 ,
8§ X8 s

SAD_SUM,

SAD 0



6 :H. 264 715
D) ,
. , 5 3 CIF akiyo, foreman, stefan
(5) 8X4,4X8,4X4 3 (352X288.4:2:0,300 ),
. —15/+15, 30Hz, 15
(6) 16 X16 s IPPP,
R 1 2 N N
3 R 3
s 4
foreman
PC (Pentium N 1. 8G , 256M o
, H. 264 IMé61el™
1 N N
PSNR
Y (dB) U(dB) V(dB) (kbits/s) (/D
" FS 40. 06 42.52 43.98 30.51 3.03
axo MSEHS 39. 99 42.13 43.97 31. 02 0.85
; FS 37.21 40. 69 42. 49 116.18 3. 96
oreman MSEHS 37.11 40. 65 42.43 119. 89 1.12
13 FS 35. 62 37. 85 37. 96 435.3 1.75
EBE MSEHS 35. 44 37.76 37. 87 439.7 1.32
44 1 38
42 1 36
40
N 341
2 38 3
321
30
34
~-a-- MSEHS
32 | 287 —s—F§
30 T T T T T 26 T T T T T
0 10 20 30 40 50 100 200 300 400 500 600
A 2 (kbits/s) Ha 3 #(kbits/s)
(a) akiyo (b) stefan

(a)

(foreman

17

N
i



716 9

3 Lappalainen, V, Hailapuro, A, Hamalainen T D. Optimization
of emerging H. 261 video encoder [A]. In:Proceedings of IEEE
Workshop on  Signal Processing Systems Design and

A ° Implementation, SiPS’2001 [C ], Antwerp, Belgium, 2001:
’ ’ 406~415.
H ’ 4 LiR, Zeng B, Liou M L. A new three-step search algorithm for
,PSNR block motion estimation[]J]. IEEE Transactions on Circuits and
0.18dB, System for Video Technology, 1994.,4(4) :438~442.
5 Zhu S, Ma K K. A new diamond search algorithm for fast block
° ’ matching motion estimation [ A ]. In: Proceedings of 1997
° International Conference Information, Communications and
’ ’ Signal Processing, 1CICS’1997 [C ], Beijing , China, 1997, 1:
. , 292~296.
s 6 LiW, Salari E. Successive elimination algorithm for motion
estimation [J]. IEEE Transactions on Image Processing, 1995,
’ 4(1):105~107.
’ ° 7 JVT Reference Software Official version JMé6le [ CP/OL J.
http://bs. hhi. de
5
H. 264 s
s e O
s
o s
s
’ 1947 s s
s , DSP . .
ASIC o . .
s s
H. 264 CIF o
1979 s

1 ITU-T Rec. H. 264/ISO/IEC 11496-10. Advanced Video
Coding-Final Committee Draft [ S]. Document JVT-G050,
March 2003.

2 Tekalp A M. Digital Video Processing[ M ]. Englewood Cliffs .
Prentice Hall, New Jersey, USA, 1995:101~108.




