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Abstract: Among the previous searching methods,
there are the typical methods such as full search and
three-step search, etc. Block motion estimation using
exhaustive search is too computationally intensive. To
apply in practice, recently proposed fast algorithms have
been focused on reducing the computational complexity
by limiting the number of searching points. According to
the reduction of searching points, the quality
performance is aggravated in those algorithms. In this
paper, We present a fast and efficient search algorithm
for block motion estimation that produces better quality
performance and less computational time compared with
a three-step search (TSS). Previously the proposed Two
Step Search Algorithm (TWSS) by Fang-Hsuan Cheng
and San-Nan sun is based on the ideas of dithering
pattern for pixel decimation using a part of a block pixels
for BMA (Block Matching Algorithm) and multi-
candidate to compensate quality performance with
several locations. This method has good quality
performance at slow moving images, but has bad quality
performance at fast moving images. To resolve this
problem, the proposed algorithm in this paper considers
spatial and temporal correlation using neighbor and
previous blocks to improve quality performance. This
performance uses neighbor motion vectors and previous
motion vectors in addition, thus it needs more searching
points. To compensate this weakness, the proposed
algorithm uses statistical character of dithering matrix.
The proposed algorithm is superior to TWSS in quality
performance and has similar computational complexity.

Index terms—Kept winner, pixel-decimation, mean-
absolute difference (MAD).

I. Introduction

The coding of video sequences has been the focus of a
great deal of research in resent years. High-definition
television (HDTV), video conferencing and CD-ROM
archiving are some of the better known applications. In
video coding inter-frame prediction can be improved by
motion estimation. If the motion of a pixel or block of
pixels can be reasonably estimated between successive
frames, the inter-frame prediction accuracy is improved.
Both pixel recursive algorithms''! and block matching
algorithm had been developed. The former relates to
motion estimation of individual pixels, whereas the latter
deals with the motion of block of pixels. The pixel
recursive algorithm is computationally intensive and has
been seldom used in practice, even though it is very
cffective. On the other hand, BMA’s in spite of the

inherent assumption that all the pixels in the block have
the same motion, have been utilized in practice. BMA’s
have been widely used in video coding standards. The
full search algorithm (FSA), which exhaustively searches
for the best matched block within the searching window,
can get the optimal solution. Various fast algorithms that
minimize the complexity, but at the same time degrade
the quality, have been developed. Such as TSS®,
conjugate direction search (CDS)™!. From the previous
research, it is worth nothing that the computational
complexity and quality performance for block motion
estimation are contradictory. Up to now , few algorithms
could not only reduce the computational complexity but
also improve the quality performance when compared to
TSS. TWSS" algorithm could not only reduce the
computational complexity but also improve the quality
performance, when compared to TSS. But the quality
performance is aggravated in TWSS, when compared to
the fast moving images like football sequences. Then the
fast and efficient search algorithm of block motion
estimation (FES) is proposed for block motion estimation
to compensate the drawback of TWSS.

II. Overview of the TWSS

The ideas for TWSS are dithering pattern for pixel
decimation and multiple candidates for pixel-decimation-
based full search.

A. Dithering Pattern for Pixel Decimation

When matching a block from the present frame with that
from the previous frame, the matching criterion is usually
evaluated by using all the pixels in the block. Block
matching is based on the assumption that all pixels in a
block move by the same motion vector. If too few pixel
of block are used, there will be a reduction in the
accuracy of the block motion estimation. However, if too
many pixels of a block are used, there will be an extra
cost on computational time of the block motion
estimation. In order to find a suitable number of sub-
sampled pixels used to compute the block difference. We
first define a pattern that is ordered dithering matrix D"
of size N X N. The elements of the dithering matrix
denoted as D", , have their integer numbers from zero
to N°-1, Where x and y mean the horizontal and vertical
position of the dithering matrix. The number in the
dithering matrix denotes the order to pick up the pixel in
the block of NxN pixels. Fig.2 shows an example of a
matching block of size 16 x 16 (the example of
dithering matrix, D", , ). The number in the block is
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Fig.l. Pattern of the pixels used for computing the
matching criterion.

numbered with the sequence of ordered dither matrix.
Then we define the threshold 7; and 73, where 7; and T},
are the number of sub-sampled, respectively. 7)-71+1 is
the number of sub-sampled pixels in the block. The cost
function C; 4T; , T, of the block is then defined as
follows:
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From the above equation, C; ;(7;, T) is the cost function
of the block, where g(*) is the distortion function. We
can define g(x)=x" or g(x)=|x|. For the best match from
Cost function C; ;(7;, T,), we can find the motion vector
v;; of the block, where i, j denotes the displacement of
the motion and the size of the searching window is + 7.
From the experimental results of three typical video
sequences, it is shown that a low bound of 48 sub-
sampled pixels indeed exists.

B. Multiple Candidates for Pixel-decimation-based
full search

The MSE of pixel-decimation-based full search is larger
than that of all-pixel-based full search. The method for
overcoming this drawback is to keep more than one
winner for the pixel-decimation-based full search. The
tradeoff between computational time and accuracy is
determined by experimental results and the kept winners
are selected as the candidates with the least distortion.
We can observe the relationship between the number of
kept winners and the improvement index from the
experiments. From the experimental result, it is shown
that keeping six winners in each step is appropriate. And
it is shown in Fig.2.

C. Description of TWSS

The TWSS combines the ideas of I .A andII. B. In Fig.

3, “o” means the searching points in first step. Among
the searching points in first step, the six candidates with

the least distortion are chosen by using 48 pixels(II.A).
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Fig.2. The improvement index of the football, flower
garden sequences with difference number of kept
winners.
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Among the six candidates with the least distortion and
the eight neighboring points of the six candidates with
the least distortion respectively, using 48 pixels in the
second step again chooses the six candidates with the
least distortion. At the final step, the candidate with the
least distortion is chosen by used 256 pixels (like
BMA’s). This position of chosen candidate is used as
motion vector in this block. Fig.3 shows a demonstrative
example of the TWSS for a searching of +7 pixels,
whereas (i, /) is the vector of the motion. The pixels with
“ *” are the optimal points of the first step, and the pixels
with “+” are the optimal points of the second step. The
symbol “—” is denoted as the motion vector of the block,
where “0” means the searching points of the first step
and “e” means the searching points of the second step.

[lI. The proposed Algorithm

The ideas for proposed algorithm (FES) are TWSS,



temporal and spatial correlation and dithering matrix
character to decrease computational complexity.

A. Temporal and spatial correlation

In this section, the motion of camera and objects in the
previous frame and the correlation in moving objects in
the current frame are considered. The motion of objects
does not move in only a block but move with objects of
neighbor blocks. In addition, the motion of objects in
current block has high correlation with neighbor blocks
at previous and current frames. For that reason, the
motion vector of current block is predicted by the
average motion vector of previous neighboring nine
blocks like equation (1).
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At motion vector P_ MV (i, j), , the motion vector of
current block may be predicted. MV'(i, j),, is motion

vector of (k-1)’th frame. Thus, we acquire a motion
vector to predict the motion vector of current block in
this equation (1). And the other three-motion vector is
acquired by prediction below. The motion of current
block has high correlation with that of neighbor three
blocks like Fig.4 in current frame.

o ————— e

]

1

1

I G-1,-1){d} (i-1,){a} (i-1,j+1){c}
1

1

Gi,i-1){b} (i)

Frame K

: Current block(i.j)
: Neighboring blocks

: unused block

Fig.4. Neighboring blocks to estimate the motion vector
of current block.

Those probabilitics are very high in the frames. The
motion vector of current block is predicted by motion
vector of neighboring three blocks. In Fig .4, three
blocks are presented as vertical block{a}, horizontal
block{b}, and 45° block{c}. Because 135° block{d} has
very high correlation with vertical and horizontal blocks,
it is not used. In view of the result above achieved, the
motion vector of current block is very likely to be close
to the motion vector of the neighboring three blocks (a
intra-frame concerned) and average motion vector of
previous neighboring nine blocks (a inter-frame
concerned).

B. Description of the Technique

The proposed algorithm called the FES (Fast and
Efficient Search Algorithm of block motion estimation).
Like the TWSS algorithm, FES adapts two-step search
but FES considers spatial and temporal correlation using
neighbor and previous block to improve quality
performance. In III.A, average one motion vector
(P_MV, j)) is acquired by using temporal correlation.
And the three-motion vector of blocks ({a}, {b}, {c}) is
acquired by using spatial correlation in Fig.4. These four
motion vectors are used to compensate TWSS at the fast
moving images. Assume that the searching range is
defined as tw pixels. Fig.3 shows the typical searching
pattern of the first step with step size two but we must
not consider black circles (e) in the first step, and the
scarching range is arranged as +7 pixels, where i and ;
arc horizontal and vertical directions of the searching
window, respectively. Suppose that TS is defined as the
number of sub-sampled pixels, within the block and TC
is defined as the number of the kept winner. S is defined
as the set of all candidate locations for the first step. M is
defined as the set of winners kept for the first step and
consists of the candidate locations for the second step,

-where m is the number of elements in M. N is defined as

the set of winners kept for the second step, where n is the
number of elements in N. A( i, ;) is defined as the set of
neighbor locations of (4, j). P is defined as the set of four
motion vectors to compensate TWSS, where p is the
number of elements in P.  So to speak, P is defined as
average motion vector of previous neighbor nine block
(P_MV(G, j)) and motion vectors of current neighbor
block( {a}, {b}, {c}). Then the FES algorithm can be
described as follows:

Initial step: S = {(i,j)|-w_<i,j_<wandi,jiseven}U
(G, j)l-1<i,j <13,
M=o, N=¢, P={ P M.V, j), {a}, {b}, {c}}.
A@g) ={G-1, j-1), (i-1, j), (i-1, j+1), G, j-1),
@(ij+1), (+1j-1), (i+1)), (+1,j+D}.
Step 1: For m=1 to TC do
Forallthe (i,j) € S, find (i, ))

such that C; ;(0, 7S-1) is minimum.
M={@, )} UM. S8=8-{(., )}
End for.
Step 2: For all the (i, j) € Mdo
M=A4@G, ) UM
End for

For n=1to TC do

Forallthe (i, j) € M, find (i, j)
such that C, (0, TS-1) is minimum.
N={G, N} UN. M=M-{(i, j)}.

End for.
N=NUP
Final Step : For all the (i, /) € N, find(;, j) such that

C; A0, (N/2)*-1) is minimum.

At final step of proposed algorithm because of using
motion vectors (the proposed four motion vector at
II[.A) to compensate motion at the fast moving images,
the proposed algorithm makes use of the number of
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Fig.5. The statistical character of dithering matrix at final
step.

searching points more than TWSS. So the computational
complexity is increased. To compensate this drawback,
the proposed algorithm makes use of the statistical
character of dithering matrix. Dithering matrix character
is shown Fig.5. From the experimental results of typical
video sequences, it is shown that a low bound of 125
sub-sampled pixels indeed exists. This used threshold
value is not 256 pixels like TWSS but optimal 125 pixels
by statistical character of dithering matrix. In final step,
Though 125 pixels are used, PSNR is similar to the
PSNR of using 256 pixels. Finally, first column blocks
and first row blocks do not consider spatial and temporal
correlation in frames, because it is border.

IV. Simulation and Conclusion

In this section, we show the experimental results of our
proposed algorithm. We compare FSA, TSS and TWSS
to FES in both quality performance and computational
complexity. Three tested sequences, which are CCIR601
format of football, flower garden are used in the
experiments. The sequence of football, flower garden,
and table tennis is 40 frames respectively. In our
experiment, the cost function for the block is defined as
Mean Absolute Difference (MAD). The block size is
fixed at 16 x 16 and the maximum in raw and column is
assumed to be 7 pixels. Only the luminance component
(Y component) in each frame is utilized in the
experiment. The average PSNR comparisons of FSA,
TSS, TWSS and FES are shown in Fig.6 and Table.1.
The computational complexity per block (C/B)
comparisons of FSA, TSS, TWSS and FES are shown in
Table.2. In the result of experiment, we sce that FES is
superior to TWSS in quality performance and
computational complexity is similar to TWSS for the
every moving image.
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Fig.6. The PSNR comparisons of FSA, TSS, TWSS and

FES(PSNR/Frame).
PSNR(dB)
Algorithms Football Flower Tablg
Garden Tennis
FSA 22.9 25.8 26.2
TSS 22.5 24.8 25.4
TWSS 21.9 25.0 25.8
FES(proposed) 22.5 25.6 26.0
Table.1. The average PSNR comparisons of FSA, TSS,
TWSS and FES.
Computational Complexity per
Algorithms Block (C/B)
Football Flower Tablg
Garden Tennis
FSA 57600 57600 57600
TSS 6400 6400 6400
TWSS 4896 5136 5568
FES(proposed) 4860 5100 5657

Table.2. The computational complexity per block (C/B)
comparisons of FSA, TSS, TWSS and FES.
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