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Fast Variable-size Block Matching Algorithm for

Motion Estimation Based on Bit-patterns
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Abstract

In this paper, we propose a fast variable-size block
matching algorithm for motion estimation based on
bit-pattems. Motion estimation in the proposed algorithm
is performed after the representation of image sequence
is transformed 8-bit pixel values into 1-bit ones by the
mean pixel value of search block, which brings a short
searching time by reducing the computational complexity.

Moreover, adaptive searching methods according to the
motion information of the block make the procedure of
motion estimation efficient by eliminating unnecessary
searching processes of low motion block and deepening
a searching procedure in high motion block.

Experimental results show that the proposed algorithm
provides better performance - average 0.5dB PSNR
improvement and about 99% savings in the number of
operations - than full search block matching algorithm
with a fixed block size.

|. Introduction

The advancement in computer technology and the
high-speed network environment of today enable
mulimedia data to be transmitted widely. However, the
characteristics of multimedia data that require large

bandwidth and storage media and the demands of users
for real-time processing have not been fulfilled sufficiently
in the current communication system. For this reason, the
standardization of multimedia data and the studies of data
compression have been proceeding actively. One of those
is video coding, which aims to provide high quality moving
images at low cost. Video compression exploits the high
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temporal comrelation between successive frames of an
image sequence. Therefore, the motion estimation that
eliminates the temporal redundancies between frames is
the core part in video compression. The simple and
effective way of the block matching algorithm (BMA){1] is
mainly used for the motion estimation. This algorithm has
already been adopted in various video coding standards
like H.261/263 and MPEG. The block matching algorithm
allocates one motion vector (MV) per one block on the
assumption that all pixels in one block have uniform
motion. As the size of the block becomes larger, the
higher compression rates can be obtained due to the
transmission of a lower number of motion vectors, but
image quality is rather inferior because of many prediction
errors that may arise.

Block matching is the process that finds a candidate
block, within a search area in the previous frame, which
is most similar to the search block in the present frame.
Ful search block-matching agorithm (FS-BMA) that
exhaustively examines all locations in a search area
provides an optimal solution. However, its computational
loading has motivated the development of block matching
algorithms such as the three-step search2] and the
cross-search algorithm[3]. Though these algoritms are
inferior in prediction accuracy, they can improve searching
speed. On the other hand, The variable block size model
for improving the image quality problem has been
researched4], which is the reason that the regional
motion change of the image can't be reflected effectively
in the case of the block size being fixed. The variable
block size method causes fewer prediction errors than
those of a full search block-matching algorithm; additional
computational loading can occur.

The proposed block matching algorithm in this paper
converts 8-bit pixel values to 1-bit ones of 0 or 1 based
on the mean pixel value in the search block, and
perfforms motion estimation. The image simplification
through bit conversion reduces computational loading for
motion estimation and enables fast searching. Moreover,
adaptive searching methods according to the motion
information in the block make the procedure of motion

estimation fast and exact by eliminating unnecessary
searching processes of low motion block and deepening a
searching procedure in high motion block.

The rest of this paper is organized as follows. In
Section 2 and 3, the proposed algorithms are described.
in Section 4, its simulation performance is evaluated, and
conclusions are given in Section 5.

ll. Block Matching Algorithm

Block matching is the process of obtaining motion
vectors. In the FS-BMA, the present frame of an image
sequence is divided into subsequent non-overiapping
NX N blocks. For each block in the frame, the most
similar block to it in the search area of the reference
frame is chosen as the matched block. The Figure 1
shows the block matching process between two frames.
The blocks to be searched in the reference frame are

within a search area of size (N 2w) X (N+2w),
where w is the maximum displacement that a block can
move between two frames. The number of search

locations for one motion vector is (2w+ 1) 2. At each
search location, the displaced block difference (DBD) is
computed by

DBD(x,y)
N-1 N-i
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(a) Reference Frame  (b) Curent Frame

Fig. 1. Full search block matching method

where [, is the block being predicted by motion
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estimation in the present frame, F',_, is a candidate
block within the search area in the previous frame, and

N indicates the width and height of the block. Among
the candidate blocks in the search area, the biock that
has the minimum value of DBD is selected as the best
matched block, and the corresponding displacement

(x, v) in the horizontal and vertical directions becomes
the motion vector.

1. Block matching algorithm based on

bit-patterns

Bit pattems mean binary images that represent the 8-bit
pixel values in the block and search area as 1-bit ones
[5]. This aims to achieve a fast searching speed by
reducing the amount of computation in the searching
process. Given a block of size N x N, the bit-pattem Bs
of the search block and search area are simply calculated

by
e {1, if pli))2M

0, otherwise @

where p( 7, 7) represents the (z, 7)th pixel value in
the search block or search area, and M represents the
mean pixel value of the search block. The bit-pattems
represent intuitive block information on the search block
and search area. That is, if the bit-pattem of the search
block is very similar to that of a certain block in the
search area, the two blocks in the original images is
supposed to have similar image characteristics. There,
however, a lot of prediction errors oocur, so the methods
to reduce them should be folowed. In case of full
searching based on the bitpattem, 83% of the
computation amount can be reduced in the DBD
calculation, comparing with that in the FS-BMA. The
reason is that image expression is simplified to one bit
from 8 bits. The equation to obtain the numbers of
operation for one DBD calculation is as

N(n) = 32n+z7:2"(n+7—k)/8 )
k=0

=32n+ (2551 + 247)/8

For example, in case of 1 bit(n=1) and 8 bit(n=8), the
operaton numbers are M1)=% and N8)=542,
respectively [6]. In this paper, the proposed block
matching process based on bit pattem is as follows.

* Step 1 : Generates the bit-patterns on the search
block and search area

* Step 2 : Compares the bit-pattern of the search
block with that of each candidate block in
the search area

* Step 3 : Saves top of m numbers of motion vectors
of candidate blocks that have the most
numbers of corresponding bits

* Step 4 : Computes DBDs for the saved candidates
blocks, and selects the block that has the
minimum of DBD among them as the mat-
ched block

What the value of e is affects the computation
amount and prediction errors. Figure 2 shows the example
of block matching based on bit-pattems.
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el
=1 The bit-pattem tor
“{ the search block
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{i) : The number ot matched pixels = 8
{ii} : The number of matched pixels = 16

The bit-patien for
the search area

Fig. 2. Block matching based on bit-patterns

Ill. Adaptive block matching according to
the motion information in blocks

Performing consistent motion estimations on every block
is not an effective way in terms of the speed and the
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exactness in prediction. In order to predict exact motion
in a short time, adaptive prediction methods according to
the motion information in blocks are required.

1. Decision of no-motion blocks

Generally, each frame of motion pictures consists of the
object part that has motion and the background part that
has no motion. If the motion estimation process on the
background part is performed the same as that on the
motion object part, many unnecessary searching
processes may occur. Therefore, whether it has motion or
not has to be checked before the motion searching
begins. This can be decided by setting the motion vector
at (0,0) as in Equation 4 and calcuiating DBD.

N-l N-1

1
DBD(0,0) = —— E@N-F_j
00 =52 2IEEN-F D)
if DBD(0O,0)<TH,, _, .., No motion searching
otherwise, Motion searching @

If DBD(0,0) is smaller than a certain threshold, the
block is supposed to has no motion, and it can be
excluded in the process of motion prediction. Like this, its
heawy computational loading can be reduced with
eliminaing unnecessary matching processes. For the
blocks proved to have motion, the motion estimation is
performed according to the degree of motion. Figure 3
shows the formation of the blocks with motion on the
Claire and Salesman images. You can see that the
number of blocks is less than 1/3 of the number of
blocks to be formed on the whole image. This means that
motion estimation is not performed on more than 2/3 of
the images.

(a) Claire (b) Salesman

Fig. 3. Decision of blocks with motion

2. Motion estimation using variable-block size

Variable block size method is used to perform more
exact motion estimation in the blocks that has many
prediction errors. When the DBD with the matched block
is bigger than a certain threshold, the search block is
partitioned by

Split

split >

{ if DBD(,j)=TH

otherwise, Not split )

Block matching for each divided block is performed
again, and then, when the DBD for each divided block is
bigger than the threshold, the biock is redivided. Figure 4
shows block partitioning levels

(Bg, B Bs, and Bg) and their block sizes.

By, |- ' - s

By

B, 4x4

B. :8x8

By, :32x32 By, :16x16

Fig. 4. Block formation according to block levels

Such partitioning method means that the matching
process deepens in the part that has many prediction
emors (that is, in the part that has big motion in the
image). It reduces the prediction errors much so that it
can improve the image quality, while it comesponds
effectively to the regional motion change of image. Figure
5 shows the variable-size block formation according to the
motion information in the Claire and Salesman images.

(@) Claire (b) Salesman

Fig. 5. Block partitioning according to the motion information
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3. Setting the secondary search area

In case the motion vector of the predicted block is
(*w, + w)of the maximum displacement, it indicates
the boundary of the search area. This means the real
motion vector can indicate outside of the search area. ff
the matched block is within, not boundary, the search
area, the matching process can be terminated or
coninued with partiioning the block according fo the
DBD. However, when the motion vector indicates the
boundary of the search area, a secondary search area,
which size is 1/2 of the original search area, is set and
the block searching is performed again [7]. That is, the
first search area can be set in small size to reduce the
computational loading, and in case of big motion the
secondary search area is set for the matched block to be
found in it.

In this paper, the secondary search area method is

used in the lower block levels such as B g B g,. and
B . Figure 6 shows the process. The motion vector
(MV) is obtained by adding the two motion vectors as in
Equation 6.

M V = M Vﬁrst + M Vsec ond (6)

Reference frame

Second search area

Fust seauch area

T awHN "

Fig. 6. The second search area

4. Setting the location of search area,
subsampling of pixels, and size of search area
Search area should be set in the place that has a high
possibility of matched block being. In most image
sequences, motions are smooth and slowly varying.
Therefore, the discontinuity of motion vectors occurs only

at the boundary of objects moving in different directions.
Generally, as motion objects exist over several blocks,
motion vectors between adjacent blocks are highly
correlated. if the location of search area using such a
correlation is set, it is helpful in making the motion
estimation efficient. Figure 7 shows the previously
obtained motion vectors of the adjacent blocks.

Vol

Fig. 7. Motion vectors of the neighbor blocks

With the motion vectors of adjacent blocks, we calculate
4 DBDs with the search block and a zero-motion DBD at
its location. Then, we set the location of the search area
with the motion vector that has the minimum DBD. 1t is

only used in the case of the toplevel block B g. In the

case of lower block levels Bg By and B g, the

motion vector that is obtained from its higher block levet
is used. Therefore, in spite of setting a small search area,
big motion vectors can be obtained by the inheritance of
mation vectors from higher block levels.

In FS-BMA, all pixels are participated in measuring the
degree of similarity among candidate blocks in search
area. But, if pixel subsampling is adapted, considering a
high spatial correlation between adjacent pixels according
to the degree of motion in blocks, the computational
complexity can be reduced. On the other hand, if
excessively high rates of subsampling are appliec, it
reduces the accuracy of prediction, especially when the
motion of an image sequence is high. Therefore, it is
important that the subsampling rates of pixels are decided
properly according to the degree of motion in blocks. That
block size gets smaller means that the degree of motion
gets bigger. So, as it goes fo the lower block level, the
lower subsampling rate of pixels should be set, which
prevents the simplification of bit patten in the low block
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level. Figure 8 shows the examples of subsampling
pattemns that can be applied.

Fig. 8. Examples of pixel subsampling

The subsampling rates of pixels according to block
levels in this study are as follows.
* Bgo 1 41 pixel subsampling
* By, . 21 pixel subsampling
* Bsy, Bsy 1 No pixel subsampling

The size of search area is also set acoording to the
degree of motion in blocks, as the subsampling of pixels.
As it goes to the lower block level that has bigger
mation, the bigger size of search area is set, as shown in
Equation 7.

Wyo S Wg S Wy, S Wy "

Which Wg), ng, Wgz, and Wg ae the
maxmum displacements that blocks can move according
to each block level.

5. Final motion vector

The motion vectors in each block level are obtained
from Equation 6. So, the final motion vector is obtained
by adding them, as shown in Equation 8.

MV

nat = MV + MV + MV, + MV, @

IV. Results of experiments and consideration

In simulations, we use from No. 1 to No. 163 frames of

the Claire image (CIF: 352x288) and No. 1 to No.163
frames of the Salesman image (CIF: 352x288) in order to
evaluate the performance of algorithms. Motion estimation
is performed every three frames by applying the reference
frame period of general video coding. The basic block

size of the proposed algorithm is 32 < 32 and it can be
divided up to 4 X 4. The size of search area is set to
Wa=1,

Wag=2, Wg=23, ad Wg=4 as the level of
block became lower. Considering the secondary search
area, the maximum motion vector is +14. The
comparative algorithms are the FS-BMA, FS-BPM(Full

Search Bit Pattem Matching) and VSFS(Variable Size Full
Searching). The basic block size of the algorithms is

16X 16, and the maximum motion vector is set to be
+14(w=14). And the VSFS can be divided up to

4x4. For the comparative analysis of algorithms, the
Mean Square Emor(MSE) is obtained through simulations,
and the Peak Signal to Noise Ratio(PSNR) is calculated
as a distortion measure.

Table 1 and Figure 9 show the comparison between
the proposed algorithm and the comparative algorithms.
As you can see from Table 1, the proposed algorithm has
improved approximately 0.5dB of PSNR with fewer
numbers of blocks per frame than other algorithms. Figure
9 shows that the proposed algoritm occurs fewer
numbers of emors per frame and reduces the eror
deviation between frames.

increase the maximum  displacement

Salesman(1~163)

[ Fs-aMA < FS-BPM = VSFS -o-Proposed
100
o\ f '
¥ s ] \’. / P‘\b )/ v\
{1 %
AT

1 10 19 28 37 46 55 64 73 B2 91 100 109 118 127 136 145 154 16
Frame Humber

(a) Claire
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Fig. 9. MSE comparison for the Claire and Salesman
CIF sequences

Table 1. The performance evaluation

operations. The reason is that the representation of image
sequence has been transformed 8-bit pixel values into
1-bit, the blocks with no motion have been excluded from
the matching processes, and then, the size of search
area and the pixel subsampling rates have been set
according to the degree of motion. In the propcsed
algorithm, the inheritance of motion vectors from top to
lower levels has made the value of big motion vector in
spite of setting small search area, which, most of all, has
taken a great role in reducing the computational loading.

Algorithm | MSE/pixel PSNR RZ'f‘;‘ge‘m"t‘:g:}f’ Slamber

FS-BMA 12.19068 37.27052 i 396

Claire FS-BPM 21.31383 34 84323 0.337983 396
(CIFy _VSFS 7696024 39.2678 108418 562.41%2
Proposed 10.44131 37.94325 0.0 10608 178.6304

FS-BMA 32.33502 2303139 1 396

Salesman | FS-BPM 4477563 21.62039 {.237988 306
(CIF) VSES 20.86094 3493747 1. 123060 628.3091
Proposed 2993309 33.36929 0.016%75 297181

The computation complexity of algorithms is evaluated V. Conclusions

by caiculating the number of operations for each algorithm
[8. In order to process one pixel, three operations
(subtraction, absolute-value calculation, and addition) are
required. In case of the FS-BMA, when the block size is

16 X 16(=256) and the size of the search area is
Quw+ 1) =841(w=14) I X(2HX3+])

operations are required to get a motion vector on one
block; number 1 is the comparative operation with the
minimum DBD after the DBD calculation. In short, the
number of operations required to estimate one frame of
CIF image {396 blocks) is

841x (256 X3+ 1) x 396 = 256, 104, 634.

When the number of operations of the FS-BMA is 1,
the relative numbers of operations of the algorithms are
presented in Table 1. As shown in Table 1, the proposed
algorithm represents relatively the very least number of

In this paper, we have proposed a new block maiching
algorithm that causes fewer prediction errors and performs
much faster motion estimation than the FS-BMA by using
the variable block size and many kinds of adaptive matching
methods based on bit-pattems. The proposed algorithm
reduces the computation loading of the FS-BMA resulted
from the consistent motion searching not considering motion
information in blocks. Which can be done because the
proposed algorithm performs a adaptive matching according
to the degree of motion based on bit-pattems and
eliminates, if possible, unnecessary matching processes. As
for many regional motions of image that cannot be treated
eifectively when the block size is fixed, the block partitioning
is tried. Simulation results have proved that the proposed
algorithm provides better performance, average 0.5dB PSNR
improvement and about 99% savings in the number of
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operaions in case of w=14, than the FS-BMAThe
proposed algorithm is worth applying to motion estimation
for low bit rate video compression such as video-telephone
or video-conference, which have low motions within images
and require fast real-time processing.

The proposed algorithm has applied adaptive methods in
most parts of the matching processes, but the threshold
value is used the same in all frames, which is not effective
because the degree of motion can vary according to frames.
If different thresholds are obtained according to the motion
information of each frame, better results can be expected.
Therefore, before performing motion estimation, the studies
of the preprocessing for obtaining the optimal threshold
should be followed.
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