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Abstract

Block motion estimation using full search
algorithm is computationally extensive. Previously
proposed fast algorithms reduce the computation
cost by limiting the number of locations searched. In
this paper we present algorithms for block motion
estimation that produce similar performance to that
Jull search algorithm. The algorithms are based on

the pixel decimation.
J
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1. Introduction

In  digital television  coding  or
videotelephoning, one attempts to minimise the
temporal redundancy in a sequence of images so as to
reduce the transmission data rate. Motion
compensated interframe coding is a most efficient
approach to realise this goal. In motion compensated
interframe  prediction, the frame to frame
displacement of a moving object in scene is
estimated, and the prediction is formed by displacing
the previous frame elements.

It is well known that the success of motion
compensated prediction depends on the ability to
estimate the displacement of moving object. Several
mathematical models have been proposed to estimate
the motion vector fields in a sequence of pictures.
They can be classified basically into two groups: the
block matching motion estimation algorithms and
recursive (gradient) motion estimation algorithms.

Among various criteria that can be used as a
measure of the match between the two block, the
mean squared error (MSE) and the mean absolute
difference (MAD) are favoured towards normalised
cross correlation function [1],[6]. If a maximum
displacement of dy, pixel/frame (Fig.1) is allowed for

both the horizontal and vertical directions, there are
(2d.+1)? locations for the best match to the present
block.
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Fig.1 Depiction of the search area

The fundamental idea behind the block
matching algorithms is that the motion estimation
can be obtained by searching the position of the best
match in the previous frame. The full search
algorithm is straightforward to find the optimal
match in a search area, but an enormous amount of
computation is required. Therefore, most of efforts in
the block matching methods are to seek an efficient
search procedure to reduce the computational
complexity but without an obvious effect on the
estimation accuracy, such as some proposals like the
3-step search algorithm [2], the 2-D logarithmic
search algorithm [3], the conjugate search algorithm
[4], etc. Most of these fast algorithms are based on
the assumption that the distortion criterion is
quadrantmonotonous in the search area. However,
this assumption is not always true.

2. Description of proposed pixel
decimation techniques

When matching a block from the present frame to a
block from the previous frame, the matching criterion
is evaluated using every pixel of the block. Since
block matching is based on the assumption that all
pixels in a block move the same amount, a good
estimate of the motion could be obtained, in
principle, by using only a fraction of the pixels in a
block. If few pixels are used, however, there will
eventually be a reducing in a accuracy of the motion
estimates. In this paper we present a pixel-decimation
techniques using subsampling by factor of 2 and 4
that preserve the motion estimation accuracy.
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Fig. 2a Vertical pixel decimation Fig. 2b Chess pixel decimation
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Fig. 3a Decimation by Liu and Zaccarin Fig. 3b Location of patterns over the search area

Fig. 4a Orthogonal selection of pixels Fig. 4b Nonorthogonal selection of pixels

Fig. Sa. Talk raw 5b. Goose.raw Sc. Walk.raw
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The simplest way, how to subsampling a
square block of pixel is using only odd (even) rows
(columns), as a shown on the Fig. 2a. In this section
we present another simple technique that called
chess-subsampling. Fig. 2b shows a block of 8 x 8
pixels with chess subsampling technique. These two
proposed methods are compared together with an
adaptive subsampling technique. This technique is
based on the evaluation of values in a different block
of pixels after simply interframe prediction and 32
pixels with maximum values are selected. For each
block of pixels in the frame they can situated in
different positions.

Liu and Zaccarin [5] presented pixel-
decimation technique by factor 4. Fig. 3a shows a
block of 8 x 8 pixels with each pixel labelled a, b, ¢
or d. They call pattern A the subsampling pattern
that consist of all the a pixels. Similarly, patterns B,
C and D are the subsampling patterns that consist of
all the b, ¢ and d pixels, respectively. If pattern A is
used at the location (x,y), then it is also used at
locations (x+2i,y+2j) for i,j integers within the search
area (Fig. 3b). Pattern B is used at location
(x+2i,y+1+2j), pattern C at (x+1+2iy+2j), and
pattern D at (x+1+42i,y+1+2j). For each of the
subsampling pattern is obtained a motion vector that
minimises the MAD over the locations where that
pattern is used. Then is computed the match for each
of four vectors, but using all pixels in the block. The
one that has minimum MAD among the four is
selected as the motion vector for the block.

On the other hand we present much simpler
techniques by factor 4 that above, again. On the Fig.
4 we can see the graphic depiction of the orthogonal
selection of pixels. This method outgoing from pixel-
decimation technique described above, but used only
pattern A for estimation the motion vector over the
all search area. The second one is a nonorthogonal
selection of pixels in the block. This approach is
based on the assumption that better estimation of
motion vector is achieved, when we used pixels from
each rows and each column. Unlike the orthogonal
pixel-decimation by factor 4, where are not used any
pixels in even rows and even columns, in the
nonorthogonal pixel-decimation are used some pixels
from each rows and each columns. The process an
adaptive pixel decimation by factor 4 is the same that
adaptive pixel-decimation by factor 2, but only 16
pixels are selected for estimation the motion vector.

3. Experimental results

The presented block matching techniques with
pixel decimation by factor 2 and 4 were tested on the
two following frame by sequences in the format raw (
256x256, 8 bpp ) Fig. 5a,b,c.

Degree of reduction interframe redundancy

was evaluated by PSNR
(2597 [aB].,
1 256 256 (
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Where : Xj; are values of pixels into the current
frame X°; are values of pixels into the
previous frame after motion compensation.

Performances of  proposed  pixel-decimation
procedures is right to compare with the simple
interframe prediction:

- PSNR Talk =20.9775 dB,
- PSNR =27.1827 dB,
- PSNR Walk = 17.4803 dB.

In the Tab. la,b,c is the evaluation of proposed kinds
of the pixel decimation with full search algorithm.

On the Tab. 1 we can see that the best
results from all three types of sequences given pixel
decimation with chess selection of matching pixels by
factor 2 a the pixel decimation with nonorthogonal
selection of matching pixels by factor 4, respectively.
Therefore, these two methods of pixel decimation
have been tested with some fast search algorithms
(Tab. 2), such as three step search algorithm (TSS),
two-dimensional logarithmic search  algorithm
(TDL)a conjugate direction search (CDS).

4. Conclusion

A number of fast algorithms for block
motion estimation have been previously proposed.
These algorithms reduce the number of computations
by limiting the number of locations searched. They
rely on a monotonically increasing MSE around the
location of the optimal motion vector to iteratively
determine that location. In a number of cases,
though, the MSE surface has several local minima in
which these algorithms can be trapped.

In proposed techniques we presented
approach based on the reduction of the computation
complexity in sense using only fraction of pixels in
the block The main aim of this paper have been to
present and experimentally tested of basic pixel
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decimation approaches in block motion estimation
technique. We present some techniques to estimate a
motion vector for each block of pixels by using only a
fraction of the pixels in the block.

Tab. 1 shows the performance of pixel
decimation techniques by factor 2 and 4. The
performance of full search algorithm without any
subsampling (full pixels) is also shown. It is seen that
the proposed approach has PSNR very close to the
full search using no subsampling. In addition, by
using pixel decimation with chess selection of
matching pixels by factor 2 a the pixel decimation
with nonorthogonal selection of matching pixels by
factor 4, respectively, we obtained the best
performance from all proposed methods of pixel
decimation. Therefore, these two methods of pixel
decimation have been tested with some fast search
algorithms.
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