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Abstract— The motion estimation & compensation technique is
widely used for video coding applications but the real-time motion es-
timation is not easy due to its enormous computations. In this paper,
a new adaptive reduction of search area for the block-matching algo-
rithm is presented to reduce the computational cemplexity of the full
search block-matching algorithm for low bii-rate video coding. The
proposed method exploits the correlation of successive video frames
and adjusts the size of search area depending on the displaced block
difference and the block classification information of the block in
the previous frame. Simulation resulis show that the proposed algo-
rithm has similar mean square eyror performance to the full search
block-matching algorithm but enly requires [ess a half computational
complexity than the full search algorithm,

Keywords : Block-matching algorithm, Motion estima-
tion, Video coding

1. INTRODUCTION

The Motion estimation & compensation technique has
been widely used in video compression due to its ca-
pability of reducing the temporal redundancies between
frames{1], [2]. Most of the algorithms developed for mo-
tion estimation so far are block-based techniques, called
block-matching algorithm(BMA). In this technique, the
current frame is divided into fixed size of blocks, then the
each block is compared with candidate blocks in reference
frame within the search area. The widely used approach
for the BMA is the full search BMA(FSBMA), which exam-
ines all candidate blocks within the search area to obtain
a motion vector(MV). The MV is a displacement between
the block in current frame and the best-matched block in
reference frame in horizontal and vertical directions.

Because of the intensive computation of the FSBMA,
it is hard to implement the video codec with software
only for real-time processing. Many researches have been
studied for real-time processing of video coding appli-
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cations. One of them is the VLSI implementation for the
motion estimationf3], [4], {5]. Itis frequently used in com-
plicated or full-motion video coding applications for real-
time processing. The other approach is a development
of fast search algorithms. These techniques, (1) fast BMA
with unimodal error surface assumption{6-17], (2) fast
BMA with pixel subsampling[13], [14], {18}, (3) fast BMA
with reduced search area[19], [20], [21], [22], [23], and (4)
hierarchical BMA[24], [25], have been investigated.

The most frequently used fast BMA with unimodal
error surface - the matching error increases monotoni-
cally as the search point moves away from position of the
global minimum - is reported in many literatures[6-17].
These methods, for example, three step search(TSS)[6],
new three step search(NTSS)[7], 2-D logarithm search(2-
DLOG){8], paraltel hierarchical 1-I> search(PHODS)[12],
and four step search(FSS)[16}, etc., have a critical prob-
lem, which is falling into a local-minimum. This problem
significantly degrades the video quality as the encoding
process is being progressed. Another widely used ap-
proach for fast BMA, reducing the search area depend-
ing on the motion fields, are studied in [19], [20], [21],
[22], [23]. Lee et al.[19] proposed the method of reducing
the size of search area in TSS according to the magni-
tude of displaced block difference(DBD). The adaptive
BMA(ABMA)[20] adjusts the search window depend-
ing on the DBDs between a current block and candi-~
date blocks pointed to by the MV of its neighborhood
blocks. The large search window is used for the block
having a large DBD and the small search area is allo-
cated to the block having a small DBD, respectively. This
method was simple, but ignored the facts that low bit
rate video sequences have center-biased motion distri-
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bution and the correlation between DBD and MV mag-
nitude is not significant. The method, called dynamic
adjustment of the search window with fixed/variable
size of blocks(DASWEF /V)[22], [23] are presented to adjust
the search window using block similarity with fixed and
variable size of blocks. These methods have some prob-
lems to be implemented on real-time video codec. The
DASWE/V used the spatial correlation but have huge
overhead for preprocessing to get block similarity and
block segmentation. Fan et al.[21], proposed the motion
estimation algorithm based on the structure segmenta-
tion. However, the methods in[21], [22], [23] are too com-
plex to be implemented for real-time processing and the
schemes in [19], [20] do not predict motion structures well,
since only the DBD is considered as an indicator of motion
fields.

In this paper, a new BMA with adaptive adjustment
of search area is presented to reduce the computational
complexity by exploiting the spatio-temporal correlations
in video sequences. Especially the proposed scheme in-
tends for low bit-rate video coding applications such as
video-phone and video-conferencing. The video frames
of these applications contain only one or more speaker
and invariant backgrounds. The number of search points
can be reduced by setting a small size of search area for a
block within the invariant background regions and large
one for a block in moving regions. The paper organized
as follows. In Section II, some characteristics of low bit-
rate video sequences got by computer experiments and
the BMA with a new search area adjustment scheme are
presented. Simulation results with several test video se-
quences are shown to evaluate the proposed scheme in
Section III.

II. MOTION ESTIMATION ALGORITHM

The proposed motion estimation algorithm is per-
formed with variable size of search area depending on
block types. Based on the analysis of the low bit-rate
video sequences, the current frame is classified into four
types corresponding to the stationary background, active
moving block, and changing block from background to
active region and vice versa. First, some characteristics
of video sequences of low bit-rate applications are exam-
ined, then an adaptive search area adjustment scheme is
presented.

A. Characteristics of low bit-rate video sequences

The video sequences for low bit-rate video coding ap-
plications such as video-phone, video-conferencing have
some restrictive motion characteristics. Through various
simulations in the previous works([7], [19], [20], [21], [22],
[23], it is found that these video sequences are gentle,
smooth, and vary slowly. Thus, the MV distribution of
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Fig. 1. The MV distribution of each video sequence. The values of
X-axis is the the euclidean distances of MVs

the best-matched block is center-biased. The MV distri-
butions of the simulation results which are performed by
using the FSBMA with search area +£16 of each video se-
quence are plotted in Fig. 1. It shows that the MVs lie in
near search origin(displacement < 5) by 90% or so. From
the figure, we can see that only a few blocks have large
motion displacement, and lots of computation can be re-
duced if these blocks are selected from the other blocks

In addition to that, these video sequences have a sig-
nificant correlations between successive frames because
they usually contain only a speaker with slow motion
field which is caused by movement of the speaker. Thus,
a block in specific region in previous frame can belong
to the same region at that position in current frame: a
block in background region may lie in background region
in current frame. The percentages of each type of blocks
in successive frames are shown in Fig. 2. In all video
sequences, the percentage of background block in succes-
sive frame is very high. The active blocks and changing
blocks occupy only 30% below. Also, the pattern of distri-
bution is very similar without regard to video sequences.
It shows that the temporal correlation between successive
frames is very high, that is, if a block in previous frame
belongs to background region or active region, the block
which is located in the same position in current frame
may be classified into background block or active moving
block, respectively, with a strong probability.

Based on the these facts, many fast search algorithms,
for instance, NT5S, FS5, etc., have been developed. These
methods improve the motion estimation performance
both in terms of computational complexity and video
quality.

B. Motion estimation with adjustment of search area

A new BMA with dynamic reduction of search area to
cut down the number of search points by using the char-
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Fig. 2. The percentage ratio of the background, active and changing blocks

acteristics of video sequences of low bit-rate applications
is presented : small search area is assigned to the back-
ground block and large one for the active moving block.

In the proposed scheme, to determine the size of search
area, a block in the current frame is classified whether
it lies in the background or in the active regions which
are moving regions of objects. The block is classified
into one of the four types : background block, active
moving block, changing block from background to active
region and vice versa. For the background block and the
changing block from active region to background, small
search area can be assigned, and for the active moving
block and the changing block from background to active
region, large search area is required. To classify the block,
we use the block classification information{(BCI) of the
block in previous frame and DBD at current frame.

The proposed motion estimation is performed through
the following steps: (1) Estimate the initial values of
thresholds to determine the BCI of a given block; (2) Set
the size of search area by using the DBD and the BCI,
and then perform the BMA within the determined search
area; and (3) Update the thresholds for an adaptation to

the video sequences’ characteristics.

B.1 Estimate the initial thresholds

Three parameters, BCI(i), DBDy,, and DBD,, for
block classification are used. BCI{i} is the block clas-
sification information of i** block in a frame, DBD, is a
mean displaced block difference of blocks which are clas-
sified into the background block in previous frame, and
DBD,, is a mean displaced block difference of blocks
which are classified into the active block in previous
frame. The initial values of these parameters are esti-
mated by using results of first frame by means of the
FSBMA. In the first frame, the BCI(3) is determined by
only the MV. The blocks that have zerc displaced MV are
classified into background and the other blocks are clas-
sified into active blocks. The DBDy, is set to the mean
of DBD of background blocks and the DBD,,. is set to
the mean of DBD of active blocks. The DBD,, is usu-
ally small compared with DBD,,. These parameters are
changing to reflect adaptively the characteristic of video
sequences as the coding process is progressed.
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Fig. 3. Block diagram for block classification with block classification
information of the previous frame and DBDs

B.2 Set the size of search area and perform the BMA

The classification of blocks in current frame is done
through the use of BCI{(i) of the previous frame, DB D,,,
and DBD,,. The size of search area is determined de-
pending on the BCI of the block. For a given block in the
current frame, the block is classified as shown in Fig. 3.
In the figure, the BCI(1) is the block classification infor-
mation for ** block in previous frame, and then DBDj,
and DBD,, are the mean DBDs of background blocks and
active blocks in previous frame, respectively. The ZDBD
is a zero displaced block difference of the given block in
current frame. To determine the BCI of :** block in cur-
rent frame, firstly, the algorithm observes the BCI at that
position in previous frame. If the BCI(¢) at the previous
frame is ‘background block’, then, the ZDBD in current
frame is compared with DBDy, to decide whether the
block is classitied into the background block or the chang-
ing block from background to active region. If the BCI(%)
is ‘active block’, then, the block can be classified into the
active block or the changing block from active region to
background depending on ZDBD and DB D,,.

For each block type, the search area is set as w for the
active block and the changing block from background to
active region, w/4 for background block, and w/2 for the
changing block from active region to background, respec-
tively, where w is an initial maximum displacement of the
MV. That is, the larger search area is allocated for active
region that contains high-motion blocks and the smaller
search area is given for background blocks.

Once the size of search area is determined, the FS-
BMA is performed. If the best-matched candidate block
positioned within search area, the motion estimation is
stopped. Otherwise(MV points to the boundary of search
area), the size of search area becomes a half of first search
area and then the FSBMA is performed. Above procedure
continues until the MV does not point to the boundaries

Reference frame

____________

Ay e '
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first search area

-+ o - 2wHN - R

Fig. 4. An example of motion estimation with the determined search
area

of search area.

Fig. 4 shows the procedures to find the MV. In first
step, the MV points to the boundary of first search area,
therefore, motion estimation goes on with second search
area. The motion estimation process stops in the second
search area because the second MV points to the position
within the search area. Final MV can be obtained by using
vector summation of the first and second MV. When the
motion estimation process continues and the size of search
area becomes 1, the next search areais set to 1 and motion
estimation is performed continuously until the MV points
new search origin. This process can reduce the quality
degradation caused by misclassification of block types.

B.3 Update the thresholds

After a frame goes through the BMA, the BCI of each
block is updated by using of BCI of the block at the same
position in current frame, which is used for next frame. At
the same time, the D BD,, and DB D, are reestimated by
using the DBDs of the background blocks and the active
blocks of current frame.

. SIMULATION RESULTS

Four QCIF(quarter common immediate format:176 x
144) and CIF(common immediate format:352 x 288) video
sequences, called Miss America, Carphone, Foreman, and
Claire, are used to evaluate the proposed search area ad-
justment scheme with the block size of 16 by 16, The
initial allowable displacements of search area are set to
+8 and +16. The mean absolute error(MAE) criterion
is used for a matching criterion. Each scheme for ad-
justment of search area is applied to the full search(FS).
The test video sequence Miss America and Claire have a
speaker with slow movement and the sequence Forerman
and Carphone have moderate motion displacements with
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some change of backgrounds. The motion estimation is
performed only in the luminance component of the video
sequences. The results of proposed method are compared
with those of conventional one-FSBM A- which set the size
of search area to initial value and those of ABMA.

The average performance of the algorithms is summa-
rized in TABLE I in terms of the mean square error(M5E)
per pixel and the number of matching points(NSP) per
block. The N5P is the number of candidate blocks which
are compared with the current block to obtain the best-
matching block. In general, the NSP per block is (2w +1)?,
where w is initial displacement. But the blocks at the
frame boundary have a smaller NSP than others. There-
fore, the NSP is calculated by counting the number of
blocks which are actually compared.

When each scheme is applied to the F5, the proposed
scheme has better MSE performance than ABMA with
similar or less complexity. It has also similar MSE per-
formance compared with the FSBMA but only requires
about a half or a third of NSF. The MSE performance
gain is not quite good in simulation with test sequences
that have slow motion fields such as Miss America and
Claire. But the NSP reduction is noticeable. Comparing
with the FSBMA and ABMA, only 25% and 50% of NSP
are required, respectively. With video sequences which
have moderate motion fields such as Carphone and Fore-
man, the large MSE gain is obtained with having less than
a half NSP in comparison with ABMA. In some cases,
ABMA shows a good MSE performance but it has same
or similar NSP to the FSBMA since the motion classifica-
tion scheme failed. By simulation results, the proposed
method for search area adjustment is compatible with
the FSBMA but requires only a half or less computation
complexities, especially in the applications of low bit-rate
video transmission. In ABMA, the results are not good
because the update method of thresholds for motion clas-
sification does not work well. As shown in TABLE I, the
MSE performance and NSP are varying according to the
test video sequences. Especially in low motion video se-
quences such as Miss America and Claire, the reduction of
NSP is not significant and the MSE performance does not
good in comparison with the proposed method.

The figures from 5 to 8 present the MSE performance
with the Miss America and Foreman sequences, The fig-
ures show that the MSE performance of the presented
scheme is similar to that of FSBMA along the frame num-
ber and is more efficient than that of ABMA. The method
for search area adjustment can be used in combination
with fast search algorithm such as TSS, NTSS, PHODS,
etc. to get more reduction of complexity. It makes real-
time processing of video encoding possible in the areas of
interactive video applications.

IV. CoNCLUSION

A new adjustment scheme of the search area is pro-
posed based on the DBD and the block classification in-
formation for low bit-rate video coding. The algorithm
is very simple and efficient in terms of MSE performance
and computational complexity. The method can be easity
adapted to fast search algorithms which are developed so
far such as TSS, 2-DLOG, PHODS, etc. to reduce compu-
tational complexity quite more.
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