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Abstract: In this paper, we propose a hybrid block-based mo-
tion estimation algorithm that considers regional motion char-
acteristics. The proposed method combines multiple search
algorithms according to regional motion types to produce
more accurate motion vector fields while preventing the in-
crease of the computational cost. For these reasons, the pro-
posed method first divides an entire image into three regions
with different motion types. Experimental results show that
the proposed motion estimation method improves the accu-
racy of the estimated motion vector fields over the existing
algorithms.

1. Introduction

With the rapid convergence of television, multimedia con-
tents, and personal imaging systems, video format conver-
sion such as de-interlacing or frame rate conversion (FRC)
has become an inevitable process. Although a number of
de-interlacing or FRC algorithms have been studied with dif-
ferent levels of quality and complexities, motion compensa-
tion based algorithms are the most advanced technique with
high hardware complexity. They reconstruct missing lines or
frames by interpolating pixels along motion trajectories. Mo-
tion compensation plays a key role to enhance vertical reso-
lution or temporal resolution, and therefore it produces high
quality images, provided that estimated motion information is
reliable.

However, it is difficult to ensure the accuracy of motion
estimation, and incorrect motion vectors may introduce visi-
ble artifacts such as feathering effect or block artifacts, which
should be avoided since they are extremely visible to human
eyes. Therefore, a number of motion estimation algorithms
[1]-[8] have been studied to increase motion estimation accu-
racy.

Although various types of motion estimation algorithms
such as pel-based schemes [3], object-based approaches [4],
and hybrid methods with an object-based motion model [8]
have been investigated, the block matching algorithm (BMA)
[1][5]-[7] has become widely accepted in real-time video ap-
plications due to their efficient hardware implementation.

To increase the efficiency of the BMA algorithm fur-
ther, various search methods including full search, three step
search (TSS) [6], hierarchical search [1]-[2][8], and recursive
search [3] have been studied. Among them, the recursive
search methods provide stable and accurate motion vector
fields and require less computational cost. Recursive search
algorithms limit the number of candidate vectors that con-
sist of spatially or temporally neighboring results so that they
can exploit the spatio-temporal correlation of motion vectors.

However, transient time is necessary to keep track of objects
with quite different motions from neighboring blocks due to
the limited range of candidates based on the predictions. Dur-
ing the transient time, the recursive search method may pro-
duce inaccurate motion vectors.

In this paper, we present a hybrid block-based motion
estimation algorithm that considers regional motion charac-
teristics. The proposed method reduces the transition time,
which is the main drawback of recursive search, by effec-
tively combining multiple search algorithms including recur-
sive search, three step search with predictions, and single
predicted search. The advantages of the proposed method
come from consideration of complementary features of mul-
tiple search schemes and regional motion characteristics.

The organization of the paper is as follows. In Sec. 2,
the proposed motion estimation algorithm is described in de-
tail. In Sec. 3, experimental results of various images are
presented and comparisons with other algorithms are given.
Finally, conclusions are made in Sec. 4.

2. Proposed Hybrid Motion Estimation
Considering Motion Characteristics

The hybrid motion estimation method effectively combines
multiple search schemes according to regional motion char-
acteristics to improve accuracy and reduce the computational
load. In this paper, three step recursive search (TSRS), three
step search with predictions (TSSP), and single predicted
search (SPS) are considered as candidates for search process.

The TSRS process considers only limited candidates based
on spatial and temporal predictions with additional update
vectors. The TSRS method operates in the same way as the
conventional three step search (TSS) scheme except for the
first step. Figure 1 illustrates the operations of the conven-
tional TSS algorithm. As shown, the TSS method performs
search process coarsely in the first step and find a displace-
ment with minimum error. Then, refinements are performed
around the displacement in the second and third steps. How-
ever, the TSRS method searches only the predicted points in
the first step, where the search set is composed of the spa-
tially and temporally predicted motion vectors. The restric-
tions on the candidate vectors usually improve the accuracy
and the smoothness of the motion vectors as well as decrease
the computational load. However, it inherently requires tran-
sient time to keep track of objects with quite different motions
from neighboring blocks due to the limited range of candi-
dates.

To reduce transient time, a search scheme capable of re-
sponding immediately to abrupt motion discontinuities (such
as the TSSP method) is essentially needed for assisting the
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Figure 1. The operations of the conventional TSS algorithm.

TSRS process. The TSSP method operates in the same way
as the conventional three step search (TSS) scheme except
for the first step. In the first step, it additionally searches the
predicted search set besides the original search points used in
the conventional TSS method. With the help of search into
the predicted search set, the TSSP method improves the accu-
racy since it reduces the hazards to be trapped into the local
minima. As a result, the transient time can be skipped if the
TSSP method produces accurate motion vectors for the object
boundaries. However, as a large search range is allowed for
tracking fast motions, the gap between the estimated and true
motion vector fields tends to increase. Hence, to improve ac-
curacy, the TSSP and TSRS methods use motion smoothness
constraint besides the SAD for determining the motion vector,
such as:

mv = arg mkin e(k), (D

where k represents the displacement vector, and ¢(k) is the
matching cost function determined by:

e(k) =SAD(k) - (1 + MSC(k)), )

where SAD(k) and MSC(k) represent the SAD and motion
smoothness error function, respectively. The SAD is calcu-
lated bi-directionally and symmetrically with respect to the
current block B as shown in Fig. 2, since it enhances accu-
racy without causing the hole and overlapping problems [2],
such as:

SAD(k) = Z f(x + g,n —1) —f(x— g,n)|, 3)
xeB

where x and n represent the spatial and temporal indices, re-
spectively, and f represents the frame data.

The motion smoothness constraint (MSC) measures the
similarities of a displacement to the neighboring motion vec-
tors that are already estimated, such as:

1 k- nei or
MsO( = 13 o L@

where mvycighbor represents the motion vectors of neigh-
boring blocks, Q and « represent a quantization factor and
a constant value controlling the relative magnitude, respec-
tively, and [ | represents an operator to return the maximum
integer less than or equal to the given real number. They are
set to the power of two to simplify computations.
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n-th frame

.o
.
.

] current block in the to-be
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Figure 2. Bi-directional motion estimation method where mo-
tion vector is found symmetrically with respect to the
current block B in the to-be interpolated frame.

Besides the TSSP and TSRS methods, the SPS method is
also employed as an auxiliary mean to reduce computational
cost. The SPS method is a low cost approach that allows
only one candidate of the temporally predicted motion vec-
tor. Therefore, under the condition that the motion of a block
is not likely to change between two successive frames, it be-
comes a cost-effective motion estimation scheme. However,
temporal prediction approaches may be unsuccessful when
there are scene changes, non-linear motions, or fast move-
ments. For these reasons, we check the reliability of the pre-
dicted motion vector to detect any abnormal cases. If the pre-
dicted motion vector is determined to be unreliable, then the
search method is altered to the TSSP method. The reliability
of the predicted motion vector pmv is measured by the SAD,

such as:
1

SAD(pmv)’

Corresponding to the above three candidates for search
strategy, all blocks are classified into three types according
to the motion characteristics, i.e., global, local, and bound-
ary. The global motion region occupies the largest area of
the same motion in a scene and usually contains motion of
constant velocity, which is appropriate for the SPS method.

The boundary motion region is defined as the boundary be-
tween the global and non-global motion regions. Thus, mo-
tion vector discontinuities usually arise in that region so that
the TSSP method requiring no transient time is suitable to this
region. The local motion region embraces all the remaining
blocks. In this region, the TSRS method derives accurate mo-
tion vector fields and does not suffer from transient time by
potentially propagating the motion vectors determined by the
TSSP method.

Consequently, the proposed hybrid motion estimation
method can be summarized as,

TSRS, for local,
SPS,  for global ,rel(pmv) > TH,, (6)
TSSP, otherwise,

rel(pmv) = 5)

ME =

where rel(pmv) represents the reliability of the temporally
predicted motion vector pmv, and TH, represents the adap-
tive threshold value that is proportional to the high frequency
energy of each block.
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Figure 3. Test methodology for comparing various motion es-
timation algorithms including the proposed method. All
test sequences were first sub-sampled by a factor of two
in the temporal direction, and then the missing frames
were reconstructed by using various motion estimation
methods.

3. Experimental Results

The proposed algorithm was tested with various progres-
sive sequences that contain various picture sizes and motion
types. We also created test sequences by synthesizing normal
video sequences with characters scrolling at various velocities
to increase the complexity of motions and provide abundant
occlusions and object boundaries. The test sequences were
first sub-sampled by a factor of two in the temporal direction,
and then the missing frames were reconstructed by using the
tested motion estimation methods, as shown in Fig. 3.

In Fig. 4, we compared the PSNR results of motion com-
pensated images associated with various motion estimation
schemes including three step search (TSS), full search (FS),
adaptive hierarchical search (AH), three-D recursive search
(TDRS), and the proposed method (PRO). The search range
was set as 24 x 16 pixels, and the block size was set as 16 x 8
pixels, except for the AH [8]. In the AH method, the block
size and the search range were set as 8 x 8 pixels and 3 x 2
pixels for all the 3-level pyramids, respectively. To ensure
fairness, the bi-directional SAD described in Eq. (3) was used
for all the tested algorithms.

As shown, the proposed method provided the best perfor-
mance. The proposed method achieved outstanding perfor-
mance improvements for the synthesized test sequence de-
picted in Fig. 4(b). Since “mobile_char” sequence contains
fast moving characters, the TDRS method produced lower
PSNR values for a few frames from the beginning of the test
sequence. The performance improvements were conspicuous
especially when the test sequence contains complex transla-
tional motions and fast-moving objects.

In Figs. 5 and 6, we present the magnified motion compen-
sated results of various motion estimation methods to com-
pare the subjective quality. The images shown in each figure
(a) are the second pictures of the original mobile and mo-
bilechar sequences. The other images (b)-(f) show the recon-
structed images by using various motion estimation methods
with the first and third pictures. The results of TDRS shown
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Figure 4. PSNR comparisons of motion compensated re-
sults obtained by various motion estimation techniques.
(a) "mobile sequence” (b) “mobile_char” sequence that
is obtained by synthesizing the mobile sequence with
scrolling characters

in the Fig. 6(e) seem worst among the tested algorithms,
but it gets better as more pictures are processed. Namely, it
provides erroneous results during the transient time since the
white characters are scrolling fast, which have quite different
motions from their neighboring blocks. However, the visual
distortions are significantly reduced by the proposed method.
As shown, the proposed method achieves the best visual qual-
ity among the tested algorithms.

4. Conclusions

We have proposed a hybrid block-based motion estimation
algorithm that considers regional motion characteristics. The
proposed algorithm constructed more accurate motion field
than the separate search based methods by adequately com-
bining three search strategies. It reduced the transient time,
which is the main drawback of recursive search method, by
incorporating a kind of three step search algorithm capable of
responding immediately to the motion discontinuities. Also,
it prevented increase of computational load by employing sin-
gle predicted search method. The proposed algorithm was ap-
plied to various real video sequences with different types of
motion for verifying the performance of the proposed algo-
rithm. Simulation results show that the proposed motion esti-
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Figure 5. Magnified view of the motion compensated results obtained by various motion estimation techniques for the mobile
sequence. (a) Original image (b) TSS method (c) FS method (d) AH method (e) TDRS method (f)Proposed method

(d)

mation algorithm outperforms the conventional algorithms in
both the objective and visual criteria.
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