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Abstract

A new multi-resolution motion estimation (MRME) algo-
rithm using half-pel accuracy motion estimation (HPAME)
and characteristics of motion vectors in the baseband is
proposed in this paper. Generally, MRME method in the
WT (wavelet transform) domain needs the exact motion
vectors in the baseband because those are used as initial
motion vectors in higher frequency subbands. Therefore
the proposed method uses the HPAME to estimate the dis-
placement exactly in the baseband. Then the displacement
in the higher frequency subbands is selectively estimated
based on the characteristics of the motion vector in the
baseband. That is, the displacements in the higher fre-
quency subbands are estimated only for the blocks which
have motion vectors in the half-pixel accuracy for the cor-
responding block in the baseband. This is based on the fact
that the block having the half-pixel accuracy motion vec-
tor in the baseband has a high probability to have a small
displacement for the corresponding block in the higher fre-
quency subbands. In the proposed method, by using the
HPAME in the baseband and selective motion estimation
in the higher frequency subbands, we can obtain motion-
compensated image of the similar quality with the con-
ventional method although we reduce the computational
amount and the bit rate considerably.

1. Introduction

Video compression is a crucial area of the digital multi-
media technologies so that it is used to transmit and store
the video sequence through the restricted channel in the
Þeld of HDTV, VOD, and video conference. Motion esti-
mation and compensation have an important role in elim-
ination of the temporal redundancy which is present in a
video sequence. The video compression standards such as
H.261,[1] H.263,[2] and MPEG[3],[4] adopted the BMA
(block matching algorithm) as the motion estimation algo-
rithm.

In the BMA, each video sequence is divided into blocks
and each block of the current frame is compared to the
blocks of the reference frame in the vicinity of its search
area, assuming that all the pixels in each block have the
same moving activity. The BMA is so simple that its hard-
ware implementation is easy and its execution speed is fast.
But it is difficult to decide the proper block size and search
area and the blocking artifact occur because of its block-
based characteristic. In order to alleviate the blocking arti-
fact, the hierarchical motion estimation algorithm using WT
has been developed in recent years.[5]�[8] WT provides
multiresolution and multifrequency expression of a signal
with localization in both spatial and frequency. Motion ac-
tivities at different layers of the pyramid structure are dif-
ferent but highly correlated since they actually characterize
the same motion structure.

In MRME proposed by Zhang and Zafar,[5] the mo-
tion Þeld is first calculated for the lowest frequency subim-
age, called baseband. Then, motion vectors at higher fre-
queny subbands are refined using the motion information
obtained at the baseband. Due to the nature of the mul-
tiresolution, the size of the block at different layers is var-
ied according to the resolution. MRME is free from the
blocking artifact due to the nature of global decomposition
of WT and represents the smooth motion vector field be-
cause of hierarchical motion estimation. But the motion
vectors at the baseband should be estimated exactly be-
cause those at the higher resolution are refined based on
the global motion vector at the baseband and the baseband
has most energy of the image. Also, it require a extensive
computation and bit overhead due to the hierarchical mo-
tion estimation. Thus a new motion estimation algorithm
which estimate exactly motion vector in the baseband and
reduce the computation and bit overhead in the higher fre-
quency subbands is needed.

We propose an efficient selective multiresolution mo-
tion estimation algorithm using the HPAME and charac-
teristics of motion vectors at the baseband. Since the true
displacements of the video sequence contents are not in
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the form of integer-pel accuracy, we adopt the HPAME for
the exact motion vectors at the baseband. Based on the
characteristics of motion vectors at the baseband, the selec-
tive motion estimation is employed at the higher freqyency
subbands to reduce the computation and bit overhead. Be-
cause blocks which have motion vectors in the half-pixel
unit don't move in integer grid unit, the blocks of the cor-
responding position at the higher frequency subbands have
a large probability of having small displacement.

Computer experiment showed that the proposed algo-
rithm represented considerable reduction in the computa-
tion overhead and the bit rate at similar image quality. It
means that the proposed algorithm results in the signifi-
cant improvements in coding performance compared with
the MRME for video compression.

2. Proposed motion estimation algorithm

We propose a new motion estimation algorithm which re-
duces the calculation and bit overhead maintaining the im-
age quality through the exact motion estimation in the base-
band and the selective motion estimation in the higher fre-
quency subbands. The baseband has most of the energy of
the original image and its motion vectors are used as ref-
erence motion vectors in the higher frequency subbands.
Therefore the accuracy of the motion vectors at the base-
band have an important effect on the image quality.

In this paper, we apply the HPAME in the baseband
for the exact motion vectors and estimate motion vectors
selectively in the higher frequency subbands for the only
blocks which need motion estimation. The selective mo-
tion estimatin is performed using the characteristics of the
motion vectors at the baseband to reduce the calculation
and bit overhead. That is, because the blocks which have
motion vectors in the half-pixel unit at the baseband don't
move in integer sample grid unit, the blocks of the corre-
sponding position in the higher frequency subbands have a
large probability of having small displacement. So the mo-
tion estimation in the higher frequency subbands is applied
for the blocks which have the motion vectors in the half-
pixel unit at the corresponding position in the baseband.

2.1. HPAME in the baseband

Since the true frame to frame displacements of the im-
age content are not in the form of integer-pel accuracy, the
HPAME[9]�[11] is used for the improved motion estima-
tion. Girod[9] tested the performance of the HPAME for
the videophone and broadcast TV signal, and actually the
HPAME is used in the MPEG-2 TM[10],[11] for the exact
estimation.

Because the baseband has most of the energy of orig-
inal image and motion vector at that is used as reference

Sequence

TABLE TENNIS

FOOTBALL

CLAIRE

HPAMEFPAME

Improvement
quantity [%]

MSE

    56.97 20.41

  260.07

1470.17

    43.29

  341.43

1906.68

23.82

22.89

Table I. The improvement quantity of MSE by HPAME in
the baseband.

motion vector in the higher frequency subbands, we apply
the HPAME in the baseband for the exact motion estima-
tion.

The HPAME is based on the fact that the true frame to
frame displacements of the image contents is not always
in the integer-pel accuracy. The relationship of the current
and reference frame is represented by

Ii(x; y) = Ii�1(x+ dx; y + dy) (1)

where dx and dy is the displacement between two frames,
actually

dx = (mx + vx)d (2)

dy = (my + vy)d (3)

mx and my is the integer-pel part and vxand vy half-pel
part.

In HPAME, 8 search points is made by the bilinear in-
terpolation around the motion vector having integer-pel ac-
curacy and the final motion vector is determined as one of
the 9 search points which matches best.

The performance of the HPAME in the baseband com-
pared with the FPAME is represented in Table I. From this
table, we conÞrmed that the HPAME reduced DFD (dis-
placed frame difference) error compared with the FPAME.

2.2. Selective motion estimation in the high frequency
subbands

From the previous section, we saw that prediction error
is remarkably reduced by the HPAME in the baseband.
While the HPAME reduce the prediction error, it usually
introduces the calculation and bit overhead. In this pa-
per, to solve this problem the selective motion estimation
is proposed for the higher frequency subbands. In the pro-
posed algorithm, the motion estimation at the higher fre-
quency subbands is selectively performed. That is, only
for the blocks having the motion vector in the half-pel ac-
curacy at the corresponding position in the baseband, the
motion estimation is performed. The moving character-
istic of the blocks having motion vectors in the integer-
pixel accuracy in the baseband is the sampling grid unit,
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 CLAIRE

 FOOTBALL

 TABLE TENNIS

HPAMEFPAME

11.04

24.08

30.86

18.32

13.92

13.79

Table II. The improvement quantity of MSE by refinement
in the higher frequency subbands.
 Sequence

Sequence CLAIRE FOOTBALL TABLE TENNIS

Distribution
ratio [%]

64.60 54.44 60.04

Table III. The ratio of blocks having the full pixel motion
vectors in the baseband.

so the blocks at the corresponding position in the higher
frequency subbands have a few probability to have small
displacement. In contrary, the blocks having the motion
vectors in the half-pixel accuracy in the baseband have a
large probability to have small displacement in the higher
frequency subbands. To prove this facts, the reduction
of MSE by applying the motion estimation at the higher
frequency subbands for the both case, the motion vector
in the half-pel and integer-pel accuracy at the baseband,
is shown in Table II. This table shows while the blocks
in the integer-pel accuracy have small reduction of MSE,
the blocks in the half-pel accuracy have large reduction of
MSE. This result means that the degradation of the im-
age quality is not appeared without motion estimation for
the corresponding blocks in the higher frequency subbands
because the blocks having the motion vector in integer-
pixel accuracy don't represent the small displacement at
the higher frequency subbands.

To reduce the calculation and bit overhead caused by
the HPAME in the baseband, we adopted the selective mo-
tion estimation in the higher frequency subbands based on
the characteristics of the motion vector in the baseband.

We can expect that the calculation and bit overhead are
reduced at the similar prediction error compared with the
MRME by the HPAME in the baseband and selective mo-
tion estimation in the higher frequency subbands.

Table IV. The comparison of computational quantity by
MRME and the proposed method.

TABLE
TENNIS

FOOT
BALL

CLAIRESequence

MRME

Proposed

Computational
quantity

Computational
quantity reduction [%]

3788928 12916800

46.29

6938134

 12916800

7921573

38.6746.73

2018428

TABLE
TENNIS

FOOT
BALL

CLAIRESequence

MRME

Proposed

Bit rate
[bpp]

Bit rate reduction [%]

0.1172 0.1172

49.10

0.0596

0.1172

0.0682

41.7449.53

0.0591

PSNR [dB]
MRME

Proposed 25.81

26.27

23.73

23.58

39.89

39.86

Table V. The bit rate and PSNR by the proposed method
and MRME.

3. Experimental results

In order to evaluate the proposed motion estimation algo-
rithm, we took 50 frames of the CLAIRE sequence of size
352�288, FOOTBALL and TABLE TENNIS sequence of
size 720�480. The biorthogonal discrete WT was used to
decompose the original image into 2-levels. The baseband
is divided into the blocks of size 4�4 and the search area
is -4�3 in the baseband and -2�1 in the higher frequency
subbands. MAD was used as the metric of the motion es-
timation and performance measure is the PSNR and the
amount of the bit and calculation.

The ratio of blocks which have the motion vector in
the integer-pixel accuracy at the baseband is represented
in Table III. We can expect that the more the blocks having
the motion vector of the integer-pixel accuracy, the more
the reduction of the bit and calculation amount. Table IV
represent the calculation amount by the MRME and pro-
posed method. This table show that about 38�46 per-
cent of the calculation amount is reduced by the selec-
tive motion estimation. The bit rate and PSNR by the
MRME and proposed method is represented in Table V
and motion compensated images are represented in Fig.
2, Fig. 3, and Fig. 4. We could see from these results
that the proposed method reduced above 50 percent of the
bit amount at the similar image quality compared with the
MRME. This means that the selective motion estimation
at the higher frequency subbands saved the amount of bits
and calculation, and the HPAME at the baseband compen-
sated the image degradation by the selective motion esti-
mation at the higher resolution.

In spite of the selective motion estimation, the PSNR
is increased by the HPAME for the CLAIRE and FOOT-
BALL sequence. The background of the TABLE TENNIS
sequence shows noise-like characteristic and the decom-
position of this image represent large values only in the
higher frequency layer. If the blocks having the motion
vector in the integer-pixel accuracy at the baseband rep-
resent the high frequency components, then motion esti-
mation for the corresponding blocks in the high frequency
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(a) (b)
Figure 1: The motion compensated CLAIRE image by (a) MRME
method and (b) the proposed method.

(a) (b)
Figure 2: The motion compensated FOOTBALL image by (a)
MRME method and (b) the proposed method.

subbands isn't performed and the DFD error is increased.
But for the TABLE TENNIS sequence, there are no visual
artifacts in the compensated sequence.

The proposed motion estimation method reduce about
40 and 50 of the calculation and bit amount respectively,
maintaining the image quality compared with the MRME.

4. Conclusions

We proposed a new hierarchical motion estimation method
using the HPAME and selective motion estimation. In the
proposed method, the HPAME is used to estimate the ex-
act motion vectors in the baseband and the selective mo-
tion estimation in the higher frequency subbands for the
reduction of the amount of calculation and bits. That is,
the motion estimation is applied only for the correspond-
ing blocks that have motion vectors in the half-pixel accu-
racy. Because the blocks which have motion vectors in the
half-pixel unit don't move in integer grid unit, the blocks
of the corresponding position in the higher frequency sub-
bands have a large probability of having small displace-
ment. The degradation of the image quality by the selec-
tive motion estimation can be compensated by the HPAME
in the baseband.

Experimental results showed that the proposed method
reduced the calculation and bit overhead about 40 and 50
percent respectively maintaining the image quality com-
pared with the MRME.

(a) (b)
Figure 3: The motion compensated TABLE TENNIS image by (a)
MRME method and (b) the proposed method.
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