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A Fast Multilevel Successive Elimination Algorithm
(HE daA 9% AA ¢ugF)
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ABSTRACT

In this paper, A Fast Multi~level Successive Elimination Algorithm (FMSEA) is presented
for block matching motion estimation in video coding. Motion estimation accuracy of
FMSEA is equal to that of Multilevel Successive Elimination Algorithm(MSEA). FMSEA
can reduce the computations for motion estimation of MSEA by using partial distortion
elimination technique. The efficiency of the proposed algorithm was verified by experimental
results.
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1. Introduction

Video frame has spatial redundancy and
consecutive frames have very big temporal
redundancy. The temporal redundancy can
be removed by using motion estimation
and compensation techniques. So, motion
estimation and compensation techniques
have been used widely in video coding.

Motion estimation methods are classified into two
classes of block matching algorithms (BMA)1]{2] and
pel-recursive algorithms (PRA)[3]. Owing to their
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implementation  simplicity, block matching algorithms
have been widely adopted by various video coding
matching block of pixels within the search window in
standards such as CCITT H%1[4], ITU-T H263[5],
and MPEGI6]. In BMA, the current image frame is
partitioned into fixed-size rectangular blocks. The
motion vector for each block is estimated by finding
the best the previous frame according to matching
criteria.

Although Full Search algorithm (FSA) finds the
optimal motion vector by searching exhaustively for the
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best matching block within the search window, its high
computation cost limits its practical applications.

To reduce computation cost of FSA, many fast block
matching algorithms such as three step search[7], 2-D
log search2], orthogonal search[8], cross search[9),
one-dimensional full search(10], vanation of three-step
search [11)[12], unrestricted center-biased diamond
search[13] etc. have been developed As described
in(14], these algorithms rely on the assumption that the
motion compensated residual error surface is a convex
function of the displacement motion vectors, but this
assurmption is rarely true [15].

Therefore, the best match obtained by these fast
algorithms is basically a local optimum.

Without this convexity assumption, Successive
Elimination Algorithm (SEA) proposed by Li and Salari
(16] reduces the computation cost of the FSA To
reduce the computation cost of SEA, Multilevel
Successive Elimination Algorithm (MSEA) [17] were
proposed.  Our research team proposed Efficient
Mutilevel Successive Elimination Algorithms for Block
Matching Motion Estimation (EMSEA) [18) to reduce
the computation cost of MSEA. The partial distortion
elimination scheme of EMSEA was improved and then

Bc(i,))im n)=fc(i+m,j+n) (1)
B9 (m n)=foli-x+mj-y+n)(2)

where x and y represent two components of

a candidate motion vector, ~M <(x,y)<M and
0<(mn)<N-1. The SAD between the two
blocks is defined as:

N-IN-1
SAD(x,)=3 3

m=0 n=0

B (m,n)~B," " (mm)  (3)

The goal of motion estimation is to find the
best pair of indices (x,y) so that the following
sum of absolute difference is minimized, as

The motion estimation accuracy of FMSEA is identical
to that of FSA and the computation cost of MSEA is
reduced by using FMSEA.

II. Multilevel Successive
Elimination Algorithm

Let f{i,/) and fp(i,j) denote the intensity of
the pixel with coordinate (ij) in the current
frame and the previous frame respectively.
Assume that the block (Y
component of the macro block in H.263) is
NxN pixels, the search window size is
@M+1)x(2M+1) pixels, and the matching
criteria function is the sum of absolute
difference(SAD) which is the distortion
between two blocks.

Let B and B,“** denote the target
block and reference block in the current
frame and the previous frame with the top
left corners at (i,j) and (i-x,j-y) respectively.
B is the target block which requires
motion vector.

size of a

follows:
d= min SAD(x,y) (4)
xy
Applying mathematical inequality !

IXiL-IYih I<IIX - Yl [19] for X= B,
and Y= B, gives

IR-M(x,y)|<SAD(x,y) (5)
where

) N-IN-1
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SAD(x, y) =|JB‘("“ _BP(l,/.x,y)i

N-1N-
(=2 2 |B mm) = B (m
m=0 n=0

R and M(x,y) are the sum norms of the two
blocks and are pre-computed using the
efficient procedure described in [16].

In MSEA, each block is partitioned into
sub-blocks. First, the block is
partitioned into four sub-blocks with size
(N/2)x(N/2). Then sub-block is
partitioned into four sub-blocks with size
(N/4)x(N/4). This procedure can be repeated
until the size of the sub-blocks become 2x2.

The maximum level of such partition is
Lna=log2¥-1 for the blocks with size NxA.
The MSEA with L-level partition,
0<L <Lmax, is called L-level MSEA, and the
SEA corresponds to the 0-level MSEA.

At the [-th level of the L-level MSEA,
where 0<I<L, the number of the sub-blocks

several

each

is S; = 2%, and each sub-block is of the size
NxN;, where N; =N/2'. In L-level MSEA, we
define  R™”,  M™(xy), SAD"(xy),
SAD_SBi(x,y) as follows:
Ni-IN;-1 )
R* =33 B"(m+uN,n+vN,)  (6)
m=0 n=0
o N-tN-I )
M(x,y)= ”Bp(t,J.x,y)H| - Z Z Bp("""’y)(m,n)
m=0n=90
N

SAD(x,y) =|B."" - B, /=

N-LN-L
(= 2 2 |B P = B
m=0 n=0

(8
24124

SAD_SB(x,y) = ZZ R{(u) _Ml(u,v)(x’y)! )

&gelE 763

where (u,v) is the index of a sub-block and
O<iI<L. At |[-th partition,
O.<_u,u52' -1, it can be easily seen that the
following relation holds:

level where

21221

SAD(x,y)= 3 3 SAD,""(x, ) 10)

u=0 v=0

SAD_SBi(x,y) can be classified as equation
(1.

In [17], X. Q. Gao etc. proved that equation
(5 can be expressed as equation (12) and
then they proposed the MSEA which is based
on equation (12).

R - M (x.v) t=0

SAD SB  (zr,y) = ST oM e 1s1sL

......

{=1+1

(11)
SAD_SBi(x,y) <SAD_SB..i{x,y)(12)

where 0<I<L.
The L-level MSEA procedure is as follows:

1 select an initial candidate motion vector
within the search window in the previous
frame.

2 calculate the motion vector (MV) and the
SAD at the selected search point. These
MV and SAD become the
temporary motion vector and the current
minimum SAD respectively.
(curr_temp_MV=MV,
curr_min_SAD= SAD)

3 select another search point among the rest

current

of the search points.

40 calculate the SAD_SB; at the selected
search point. if(curr_min_SAD<SAD_SBy)
then goto 7.

4.1 calculate the SAD_SB; at the selected
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search point.
if(curr_min_SAD<SAD_SB;)
then goto 7.

4.1 calculate the SAD_SB; at the selected
search point.
if(curr_min_SAD<SAD_SB;)

then goto 7.
5 calculate the SAD at the selected search
point.
if (curr_min_SAD<SAD) then goto
7.
6 curr_min_SAD=SAD
calculate the motion vector at the

selected point. This motion vector
becomes the current temporary motion
vector.(curr_temp_MV=MYV)

7 if (all the search points in the search
window are not tested?) then goto 3.

8 the optimum motion vector=
curr_temp_MYV,
the global minimum SAD=
curr_min_SAD.

The MSEA speeds up the process of
finding by eliminating
hierarchically impossible candidate motion
vectors in the search window before their
SAD calculation which requires intensive
computations.

If we delete step 40~4.L in the L-level
MSEA procedure, then the procedure becomes
the full search algorithm procedure. If we
delete step 4.1~4.L, then the procedure
becomes the successive elimination algorithm
procedure.

the motion vector

II. Fast Multilevel Successive

Elimination Algorithm

As shown MSEA procedure step 4.1~~ | "~4.L,
MS, EA can eliminate impossible candidate vectors
before their SADs are computed. So, MSEA can reduce
the computations of SEA.

If Partial distortion elimination (PDE)[20] technique is
applied to MSEA, then the computations of SADs
calculation can be reduced. In MSEA, SADs calculation
must actually be computed for all NxN pixels.

PDE is an effective speed up technique used in vector
quantization to find a best reconstruction vector from a
set of vector code words.

All of the terms in the equation (3) are positive, If at
any point the partially evaluated sum exceeds the
current minimum  SAD{curr_SADny), that candidate
block cannot be the best matching block and the
remainder of the sum does not need to be calculated
While it is not efficient to test the partial sum against
the curr SADn» every additional term is added, a
reasonable compromise is to perform the test after N
times additions when block size is NxN as shown in
fig2. So, the maximum number of PDE test is N times.

In MSEA, SAD is calculated all the NxN pixels and
then the calculated SAD is compared with arr SADn

123 N

1 |

N !

(Fig. 2] PDE test in SAD calculation

If step 5 of MSEA is replaced with the following steps,
then MSEA procedure becomes that of FMSEA.

step 50 calculate the SAD at the



selected search block for N
pixels.
step 5.1 if (cwrr_SADmin < SAD)
then goto step 7.
else if SAD is not calculated for all
pixels(NxN) then goto step 50

IV. Experimental Results of Fast Block
Sum Pyramid Algorithm

The standard video sequences with qcif(176x144) such
as “foremangcif”, “trevorqcif” were used in the
experiment and we tested 100 frames of the sequences.
The block size was 16x16 pixels (N=16). The size of the
search window was 31x31 pixels (M=15) and only
integer values for the motion vectors were considered.
Experimental results are shown in table 1. In table 1,
“me.” means matching evaluation that require SAD
calculation, avg. # of rows means the number of
calculated rows in the SAD calculation before partial
distortion elimination. Overhead(in rows) is the sum of
all the computations except SAD calculation.
means that the computations are represented in order of
1 row SAD computations.

It is important to notice that with the MSEA the
efficiency of the procedure depends on the order in
which the candidate motion vectors are searched, and
that the most promising candidates should be tested
first. This eliminates the maximum number of
candidates, In our experiment, we used spiral search.

“: ”
in rows

Table 1. The computations of FMSEA

WE et S WA 220e2E 765

aigo- | Test Avogf, # Av:f. # Ove;hea T?ta] re—.
rithm | seq. |m.e/fra|rows/m.| (in ro(:’s) duztxo
me e. Tows)
MSEA for‘:lma 192836| 1600 | 86575 | 317,195
O Mrevor (194972| 1600 | 86697 | 32062
FNII\SE f“:ma 192836( 601 |8659.2 | 124554 |60.7%
©) |[trevor |194972] 728 | 8670.1 | 150610 | 53.0%
MSEA forzma 48049 | 1600 |134633| 90,342
w trevor | 7,879.3 | 16.00 |13511.6| 139,580
FMASE f°rima 48049 | 972 |13461.0| 60,165 |33.4%
(1) | trevor | 78793 | 1085 |135105] 99,001 |29.1%
MSEA f°rima 1,80005| 1600 |18,1610| 46969
@ trevor | 4,290.1 | 16.00 |21,288.6 89,930
Fl\f’E f‘"ima 180005| 1271 |181503| 41,044 |126%
(2) |trevor | 4200.1 | 1229 |21,2009| 74016 |17.7%
MSEA fm:‘““ 7490 | 1600 |249752| 36959
3 trevor | 1,5634 | 16.00 |38,071.1| 63,086
Fl\iSE fOera 7490 | 1463 |24971.4| 35929 | 2.8%
(3) |trevor | 15634 | 13.70 138,069.7| 59,488 | 5.7%

The FMSEA which incorporates the MSEA with PDE,
reduces the computations of MSEA by 60.7%, 53.0%
maximally for foreman.qcif, trevor.qcif respectively.

V. Conclusions

A Fast Mutilevel Successive Elimination Algorithm
based on MSEA has been proposed to reduce the
cormputations of MSEA for motion estimation in video
coding. Partial distortion elimination technique used in
EMSEA was improved and then the improved PDE
technique was applied to MSEA. The FMSEA can find
the global optimum solution and outperforms the MSEA
and can reduce the computations of block matching
calculation of MSEA. FMSEA is a very efficient solution
for video coding applications that require both very low
bit-rates and good coding quality.
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