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ABSTRACT

In this paper, we propose a multi-level block matching algorithm using motion information in blocks.
In the proposed algorithm, the block-level is decided by the motion degree in the block before motion searching
procedure, and then adequate motion searching performs according to the block-level. This improves
computational efficiency by eliminating the unnecessary searching process in no motion or low motion regions,
and brings more accurate estimation results by deepening motion searching process in high motion regions.
Simulation results show that the proposed algorithm brings the lower estimation error about 20% MSE
reduction with the fewer blocks per frame and the operation number was reduced to 56% compared to TSSA

and 98% compared to FS-BMA with constant block size.

i
2
Lo
e
R
£
i3

[o)

= ~—

33 & 12)Z7 Three-Step B &g} H}
=3} Blwsle] 98%, Three-Step B4 Y] &3 Hlwste 56% AT A=

2 449D, 7 85 Ao U} 23]

% GnE e AAB ol FHYo] AL e FHolMel
S

A Axrt & 990 e 3 5 AR S
o B2og 4% Av)9 BES 717
MSEE 20% A% @A ZoH, Az

Key words: motion estimation, FS~-BMA, TSSA, VS-BMA, video coding

1. Introduction

Recently, the development of computer tech-
nolegy and high speed network environment are
gradually extending the range of multimedia com-

murnication. The studies on the standardization of
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multimedia data and compression technologies ac—
cording to this trend have actively progressed and
one of them is video coding. The video coding uses
the characteristic of high temporal correlation in
each frame of the image sequence. Therefore, the
motion estimation that eliminates the temporal
redundancy in each frame is the core part of the
video coding. There are two representative algo-
rithms of motion estimation: block matching algo-
rithm(BMA)[1] and pel-recursive algorithm(PRA)



260 ZEOI0NES =2X K6 H2%(2003. 4)

[2]. The BMA is generally used and suitable for the
real time processing since its computational com-
plexity is much lower than the PRA. It has already
been adopted by all the international video coding
standards like H.261/263 and MPEG-1/2.

The BMA estimates the motion by using the
correlation between successive frames of an image
sequence. First, the BMA partitions an image into
a set of non-overlapped, equally spaced, fixed size,
small rectangular blocks, then finds the best
matched block in the search area of previous frame.
Full search block matching algorithm(FS-BMA) is
the representative method of all block matching
algorithms. The FS-BMA, that thoroughly exam-
ines all locations in a candidate search area, provides
an optimal performance. However, the FS-BMA
requires too much operational loads compared with
its performance, which has motivated the devel-
opment of the fast block matching algorithms such
as a three-step search algorithm(TSSA)[3] and a
cross search algorithm that increase searching
speed[4]. For the purpose of image quality im-
provement, variable size block matching algo-
rithm(VS-BMA)[5] and multi-level block matching
algorithm(ML-BMA)[6] had been researched, too.
Compared to the FS-BMA, VS-BMA is superior to
the local motion estimation and this algorithm causes
fewer motion estimation errors but additional com-
putational loads can occur.

In this paper, we propose a multi-level motion
estimation algorithm that performs different motion
estimation according to each block level, re-
spectively. In result, the proposed algorithm im-
proves computational efficiency by eliminating the
unnecessary searching processes in low motion
block and also increases the exactness of estimation
by the deepening motion estimation procedure in

high motion block.

2. Multi-level motion estimation algor

The FS-BMA and TSSA perform the motion
estimation with the fixed size blocks. These kinds

of motion estimation method are based on the
assumption that all the pixels in the blocks have the
same motion from frame to frame. Therefore, each
motion cannot be estimated separately when there
are two or more different motions in a block,
resulting in a lower accuracy of estimation. Also, the
FS-BMA examines all the search areas while
moving the correlation window, which causes com-
putational loads. In the FS-BMA, if the maximum
displacement that the block can move is w, the size
of the search area for the previous frame is w, the
size of the search area for the previous frame is
(N+2w) X (N+2w), and the number of search points
that passes by during the search process of a block
is (2w+1)®. Under the same conditions, the number
of search points for the TSSA is 1+8[loga(w+1)],
which can reduce the computational loads of the
FS-BMA, but the motion estirnation error can rel-
atively increase or the trapping to a local minimum
point can occur, resulting in the deterioration of
image quality. In addition, the three step search
process is performed even there are no motions
between the previous and present frames, and for
the low motion blocks, which lowers the com-
putation efficiency.

As seen above, applying the constant estimation
method to all blocks is inefficient in estimation
accuracy and matching speed[7]. Therefore, to make
an accurate estimation in a short time, an adaptive
estimation method according to the motion in-
formation in the block is required.

In this paper, we propose a multi-level motion
estimation algorithm using the motion information
in the block to improve the block matching speed
and image quality. Three block levels will be set
according to the motion degree in the block, and the
block size will be varied according to the motion
degree in each block level. Also, different search
steps and ranges will be applied to the motion
estimation of each block level. Fig. 1 shows the flow
chart of the proposed algorithm and search process

at each level.
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Fig. 1. The flow chart of proposed algorithm

2.1 Setting of the multi-level block

To set the multi-level block, first of all, the motion
of block must be classified into one of the four kinds
of rotion levels. The blocks that have motions will
be set each three-levels for degree of motion
begianing from the low motion block level to the
high motion block level and each levels will be set
into a different sized block. This is for the accurate
estirnation of the local motions in the block.

The DBD(Displaced Block Difference) between
two continuous frames means the similarity so its

valaz can be found using Equation (1).
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Where, N is the width and the height of the block,
F, is the block to be predicted within the present
frame, and F,: is the candidate block within the

search area of the previous frame.

The block partition process is performed by
comparing the value of DBD found from each block
level with the threshold using Equation (2).

Split
Terminated (2)

no—motion®

if DBD,(i,j)2TH,
otherwise,

Fig. 2 shows the multi-level block setting process
according to the degree of motion. First, the DBy
(0,0) is computed for the 32x32 size block and then
goes through no motion block level using Equation
(2) to check if there is motion[8]. The 32x32 size
blocks, which have been discriminated as having
motions when their value of DBDy(0,0) has exceeded
the threshold in the no motion block level, go through
the low motion block level. In this level, through
searching, which is the first step of the three step
search process, the minimum displacement is found.
And then the value of DBD; is calculated and
checked if the value of DBD, is bigger than the
threshold. The blocks that have exceeded the
threshold in the low motion block level are divided
into the 16x16 size blocks in the medium motion
block level. The minimum displacement is found
through the two steps search on the 16x16 size
blocks, then DBD: is calculated and checked if its
value is bigger than the threshold. For the blocks
that exceed the threshold in the medium motion
block level, they are divided again into the 8x8 blocks
and go through the high motion block level in which
all of the three step search are performed, and then
the processing of one block is finished.

Medium Motion Block

Low Motion Block High Motion Block

B
(8x8)

B,
(16x18)

su
(32x32)

_______i'—:_....______

Split Solit

Fig. 2. The setting process of multi-level block
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2.2 Multi-step motion estimation

In the multi-level motion estimation, different
search steps and displacements of search area are
applied to each block level according to the motion
degree in the block. It intends to increase the
efficiency of the search process by performing the
motion estimation process adaptively according to
the degree of motion in the block. First, the motion
estimation process is omitted in the no motion block
level. In the low motion block level, one step search
is performed as shown in Fig. 3, because the degree
of motion in the block is small, and the displacements
of search area is (£ 1,%1). The size(Ax,Ay) of the
motion vector(MVy) is (£1,£1). In the medium
motion block level, the minimum displaced point
found in the low motion block level is set as the
center point and only two steps of searching process
are performed, and the displacement of search area
is (£3,£3). The size(Ax,Ay) of the motion vector
(MV,) is (£3,£3). In the high motion block level,
the TSSA is applied to the motion estimation of a
block with a large motion, and the displacement of
search area is (£7,%7). The size of the motion vec—
tor(MV,») obtained from this level is (X7,£7).
Therefore, the final motion vector is obtained by
adding the motion vector of each level, as shown in
Equation (3).
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Fig. 3. The procedure of multi-level motion es-
timation.

MV

Sinal

= MV + MV + MV, (3)

The motion vectors obtained from each block level
are inherited to the lower block level, so if the motion
estimation of whole three levels is performed then
a maximum size (F+11,£11) of motion vector can
be obtained by the sum of the motion vectors from

all block levels.

2.3 Setting the search area

The motion information of the moving object
varies smoothly and slowly, and the moving object
usually exists over the blocks so the motion vectors
have a high correlation among the adjacent blocks.
Therefore, by setting the position of the search area
through the use of the motion vectors of adjacent
blocks, the matching feasibility can be increased.

In this paper, the motion vectors of adjacent
blocks that were already obtained as shown in Fig.
4 are used for the setting of the search area. First,
the DBD at B(j, j) is calculated, and four DBDs are
calculated by each motion vector of four adjacent
search blocks. Then, the search area is decided by
the minimum vector between DBD at B(i, j) and
other four DBDs of adjacent blocks. This is the case
for the highest level block By, and for the low level
blocks(Bs1,Bs2) the motion vector acquired in the
upper level is used. Therefore, the inheritance of the
motion vector from the upper level allows the ac-
quisition of a large motion vector though the search

is set narrowly.

B8(i-1,j-1)| 8(i,ji-1) |B{(i+1,j-1)

B(i-1.i) B(i.i)

Fig. 4. Setting the search area using motion
vectors in adjacent blocks.
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3. Results of experiments and consid-
eration

To evaluate the performance of the proposed
multi-level motion estimation algorithm, 163 frames
(1~163) of the Claire and the Salesman image (CIF:
352x288) sequences were used. Each frame has a
size of 352x283(CIF) and the motion estimation was
perfcrmed every three frames. In the proposed al-
gorithm, the initial block size is 32x32, and it is
divided up to the 16x16 and 8x8 size according to
each block level. The size of the displacement w
increases from Wy=1 to Wy=3 and W=7 as the
block. level increases, and through all three levels its
size s Wrua =11. Fig. 5 shows the block formation
process of the Claire and Salesman image according
to the amount of motion in the blocks. The region
where the block doesn't set means it is discriminated
as a region of no-motion. The blocks with motions
show that they can be divided up to the 16x16 and
8x8 size according to the motion degree from the
initial block size of 32x32.

Fig. 5. Block formation according to motion de-
gree in blocks of Claire and Salesman
Images.

The comparative algorithms are the FS-BMA,
VS-BMA and TSSA. The block size for the FS-
BMA and TSSA is set to 16x16. For the VS-BMA,
the size of the initial block is set to 32x32 and it
varies according to the degree of the motion as the
proposed algorithm does. The displacement of area
(w) was set to W=11 for the FS-BMA, VS-BMA
and the proposed algorithm, and for the TSSA set
to W=7 which is the maximum allowable size[6].
Also, the computational loads and the MSE(Mean
Square Error) have been compared to the FS-BMA
and TSSA in the case of the block size is 8x8, which
is the minimum block size of the proposed algorithm.
For the comparison of the performances, the MSE
of Equation (4) was used.
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Table 1. shows the performance comparison
between the comparative algorithms and proposed
algorithm. In the Table 1, the MSE is the value of
one pixel, and the relative number of operations
shows the number of operations for each algorithm
when the operation number of the FS-BMA in the
16x16 size is assumed to be 1. The computational
complexity of each algorithms was compared by
calculating the number of operations which are used
in the process of the motion estimation[9]. In the
case of FS-BMA, the block size is 16x16 and the
displacement of the search area is set to W=11, then
the number of points to search is (2W+1)*=529. The
motion vector required 529X (256X 3+1) operations
for the 16x16 size block. In conclusion, the operation
number for the estimation of one frame in the CIF
image (396 block) is 529X (256X 3+1)x396=
161,093,196.

In the Claire image, the proposed algorithm
performs motion estimation with about 34%6 smaller
number of blocks than the FS-BMA and TSSA of
the 16x16 size, and yet has a lower value of MSE
about 20%. The operation number reduced to 59%
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Table 1. Performance comparison between the comparative algorithms and the proposed algorithm

. . Number of relative Number of
Algorithm MSE/pixel operations blocks/Frame

FS-BMA 8%8 (w=11) 8.4996 0.9987 1584

TSSA 8x8 (w=7) 10.5875 0.0474 1584
Claire FS-BMA 16x16 (w=11) 12.1907 1 39
(CIF) TSSA 16X 16 (w=7) 12.9197 0.0473 396

VS-BMA 8.8464 1.3559 339.8

Proposed Method 956919 0.0195 264.2

FS-BMA 8x8 (w=11) 22.0192 0.9987 1584

TSSA 8X8 (w=7) 27.3110 0.0474 1534

Salesman FS-BMA 16Xx16 (w=11) 32.9167 1 396
(CIF) TSSA 16X 16 (w=7) 36.6463 0.0472 396

VS-BMA 24.0376 1.4224 368.3

Proposed Method 27.9298 0.0229 301.1

compared to TSSA and 98% compared to FS-BMA.
Also, about 10% lower MSE was obtained than
TSSA of the 8x8 size, and the value of the MSE
had only a difference of about 12% with 98% fewer
number of operations than the FS-BMA. Therefore,
the proposed algorithm reduces the operation num-
ber and the motion vectors to a considerable amount
while keeping the image quality close to the FS-
BMA level. In the VS-BMA, it has the lowest value
of the MSE, but its computational load is terrible.
The average number of created blocks for each level
was about 22.2 for B, 80.9 for Bs, and 2419 for
B in the Claire image. The threshold was set by
selecting the value with the minimum MSE within
the range where the number of created blocks is
similar to the number of blocks of the comparative
algorithm in the 16x16 size.

Likewise in the Salesman image, compared with
FS BMA and TSSA of the 16x16 size, the value
of MSE decreased to about 20% with about 24%
smaller number of blocks respectively. The operation
number reduced to about 52% compared to TSSA,
and about 98% compared to FS-BMA. Compared
with the 8x8 size TSSA the MSE was similar, and
compared to the 8x8 size FS-BMA it showed a 27%
difference. It is caused by the more complicate image
of Salesman than Claire image, and from Table 1
it can be seen that the value of MSE of all algorithms
is increased. In the experiment of the Salesman

image sequences, the average number of blocks

created in each level was about 33.2 for By, about
116.8 for Bsi, and 294.3 for Bs.. Fig. 6 shows the MSE
values of the proposed algorithm and the com-
parative algorithms at a 3-frame interval.

The MSE values of each algorithm have been
compared when the block size is 8x8 and 16x16. In
almost all frames, the performance of the proposed
algorithm is superior to the comparative algorithms
of the 16x16 size, and it also can be seen that the

proposed algorithm outperforms especially when the
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Fig. 6. MSE ratio on the images of Claire and
Salesman.

degree of motion between the frames is large which
decreases the performance of the comparative

algcrithms.

4. Conclusion

In this paper, we proposed an algorithm for
eff cient motion estimation using the motion in-
formation in the blocks. While the comparative al-
gorithms were not adaptive to the regional motions
in “he block, the proposed algorithm varied the size
of blocks according to the degree of motions, and
applied the multi-block level that divided the block
mor and more as the motion got bigger and bigger.
To do this, the redundant motion search process is
removed for the blocks that have no motions, and
the size of the search block is varied according to
the degree of the motion for the block have motions
within. Even in the case of the motion estimation
error occurred by the getting trapped in the local
minimum point during the high block level searching

procass, the method to vary block size will correct

such errors in the lower block level. It supplements
the problem of image quality deterioration caused by
the convergence to the local minimum point in the
TSSA. Also, a multi level motion estimation process
was set up in each block where the searching level
and range was applied differently, reducing the
computational load and time required for searching.
The experiment results showed that the proposed
algorithm had kept the image quality while reducing
the operation number and the motion vector number
considerably compared to the FS-BMA and TSSA
of the 8x8 size. Also, in comparison with FS-BMA
and TSSA of the 16x16 size, which has the similar
number of blocks with the proposed algorithm, the
proposed algorithm reduced about 21% MSE more
than FS-BMA and about 26% more than TSSA. It
reduced the operation number to 59% of TSSA and
98% of FS-BMA, allowing fast block matching.
Consequently, the proposed multi-level motion
estimation algorithm using the motion information
in the blocks is proved through experiments that it
improves the image quality more than the FS-BMA
and TSSA while allowing fast block matching. In
addition, if the threshold is optimized according to
the motion characteristics within the image, the
advanced performance can be achieved, and more

research will have to follow.
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