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SUMMARY A motion refinement algorithm is proposed to enhance
motion compensated noise reduction (MCNR) efficiency. Instead of the
vector with minimum distortion, the vector with minimum distance from
motion vectors of neighboring blocks is selected as the best motion vector
among vectors which have distortion values within the range set by noise

level. This motion refinement finds more accurate motion vectors in the*

noisy sequences. The MCNR with the proposed algorithm maintains the
details of an image sequence very well without blurring and joggling. And
it achieves 10% bit-usage reduction or 0.5 dB objective quality enhance-
ment in subsequent video coding.
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1. Introduction

Noise reduction not only improves the visual quality but also
increases the performance of subsequent processing tasks
such as coding, an‘alysis and interpolation. A through re-
view of noise reduction algorithms for dynamic image se-
quences is presented in [1]. To take full advantage of the
temporal correlations that exist in an image sequence, ex-

plicit motion estimation and compensation has been used as
a temporal preprocessing step in noise reduction algorithms.
The performance of these motion compensated noise reduc-
tion (MCNR) algorithms clearly depends on the accuracy
of the motion estimator. However, due to the presence of
noise, it is difficult to find accurate motion vectors. Conven-
tional MCNR algorithms focused on the problem of find-
ing optimal filters and did not consider the motion estima-
tor. Though sub-pixel motion estimation has been used for
MCNR in [2] to increase motion accuracy, and noise-robust
motion estimation has been proposed in [3], they still gave
no attention to actual noise. The penalty of mean absolute
difference has been proposed for noise robustness in [4].
However, it also lacked noise level adaptability. If there is
more noise, the ambiguity of motion is increased, and this
becomes severe when the motion is small. Temporal filter-
ing under this condition causes the artifacts such as blurring
and joggling. To remove these artifacts, we propose a noise
robust motion refinement algorithm with noise level adapt-
ability for MCNR.
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2. Binary Motion Estimation with Hybrid Distortion
Measure

Due to the presence of noise, the vector with minimum dis~
tortion such as minimum sum of absolute difference might
not be optimal motion vector. As the noise level increases,
the uncertainty of optimal motion vector also increases.
Thus, according to the noise level of image sequence, it is
necessary to adjust the distortion range within which the
best motion vector can be found. Among search points
which have distortion values within this range, we choose
the nearest point to the base point as the best motion vec-
tor. The base point is pointed by the base vector (M V)
which is computed by the weighted average of motion vec-
tors of neighboring blocks. This is based on the fact that the
motion vector of a block has a tendency to have similar val-
ues to those of neighboring blocks. For example, the base
vector MV, is calculated as shown Fig. 1. In Fig. 1, MV,
MV, and MV; are motion vectors of left-upper, upper and
left block respectively and a, b and ¢ are the weight for each
motion vector.

The motion refinement scheme with distortion mea-
sure based on sum of absolute difference (SAD) is shown
in Fig. 2. First, the SAD for each search point is calculated
and the distance from the base point to each search point
is recorded. Finding the minimum SAD, the allowable dis-
tortion range for the best motion vector is calculated. Then
we choose the first point which has an allowable SAD as
the best motion vector in the list in which search points are
placed in the order of the closeness of the base point.

In Fig. 2, the allowable distortion range for the best mo-
tion vector of a macroblock in the kth frame varies according
to the noise level of the kth frame with the proportional co-
efficient @. For real time processing, the noise level of the
kth frame NL is predicted by the weighted average of noise
levels of m past frames as follows:

-~ ax MV, x +bx MV, , +cxMV3,

a+b+c
axMVLy+b><MV2)y+cxMV3’y

a+b+c

current MB

Fig.1 Base vector MVp,s computation with motion vectors of neigh-
boring blocks.
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Fig.2  Motion refinement scheme with sum of absolute difference (SAD)
based distortion measure.
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where W, is the weight for the noise level of the (k — I)th
frame. According to noise estimation method and block
size, estimated noise level has to be properly scaled to be
used as distortion. The proportional coefficient « in Fig. 2 is
computed as follows:

1-— L(M Vbase)

a = MViyy
0, otherwise

L CMVi) < MVii)

where L(M V), vector length of MV, is the sum of
x-component and y-component of MV}, and MVy, is
a threshold value of vector length. When the motion is large,
we give less importance to the motion of neighboring blocks
by introducing ¢ in order to reduce the artifact appeared in
motion boundary area. It prevents the static object from fol-
lowing the moving object of neighboring blocks. And the
human eye system is more sensitive to static or small mo-
tion area, reduction of the importance to fast motion area
does not affect on visual quality. When the motion is small,
the ambiguity caused by noise is increased. Thus, it is desir-
able to follow the motion of neighboring blocks.

3. Experimental Result

To show the performance of proposed algorithm, we simu-
lated 1-D temporal filter for MCNR using motion estimator
with and without motion refinement. We used the noise es-
timator based on [5]. The input sequences with CCIR601
format were corrupted with the Gaussian noise of various
values of standard deviation o = 6, 8, 10 and 12. Each
sequence consisted of 80 frames. And the following param-
eter values were used in simulation: search range [+16, +8],
neighboring motion vector weight a = V2andb =c¢ = 1,
the number of previous frames for noise level prediction
m = 3, noise level weight W, = 1 for all I, vector length
threshold MV, = 8.

As shown in Table 1, the proposed motion refinement
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Table 1  Pesformance comparison of 1-D temporal filtering for MCNR
with motion refinement versus without motion refinement.

Y_PSNR (dB)
AY_PSNR
Sequence o without with {@B)
motion motion
refinement refinement
12 32.70 33.48 0.78
10 34.29
Actress 35.02 0.73
8 35.99 36.63 0.64
6 38.10 38.60 0.50
12 31.93 32,52 0.59
10 33.50 34.06 0.56
Flag
8 3523 35.70 047
6 37.36 37.73 0.37
12 31.21 31.60 0.39
10 32.71 33.06 035
Bugs Life
8 3432 34.62 0.30
6 36.40 36.64 0.24
12 . 3141 31.75 0.34
10 32.84 33.14 0.30
Bean
8 34.44 34.68 0.24
6 36.48 36.67 0.19
39 30
-
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Fig.3  Rate-distortion curve using PSNR for Actress sequence corrupted
with o = 6 and processed by MCNR.

algorithm was very effective for MCNR and gave better per-
formance as the noise level was increased. We achieved no-
ticeable video quality enhancement subjectively as well as
objectively.. The MCNR with the proposed motion refine-
ment kept up the details of an image sequence very well
without blurring and removed the joggles which were ap-
peared in the sequence filtered without motion refinement.
Figure 3 shows the effect of the proposed algorithm on sub-
sequent processing task, video coding [6], using fixed quan-
tization parameter values of 10, 12, 14, 18 and 22 and con-
stant bitrates of 1.5~3.5Mbps for Actress sequence cor-
rupted with o = 6. As expected, the sequence filtered using
the proposed motion refinement has a higher PSNR curve.
The proposed algorithm achieved about 10% bit-usage re-
duction and about 0.5.dB objective quality enhancement in
subsequent video coding.

4. Conclusion

The proposed motion refinement algorithm finds optimal
motion vector in noisy sequence using spatio-temporal
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correlations with noise level adaptability. This noise robust
motion refinement scheme is applicable to various MCNR
algorithms as a temporal preprocessing and enhances noise
reduction efficiency greatly because the performance of
MCNR depends on the accuracy of the motion estimator.
We applied the proposed algorithm to pre-processor for
video encoder designed for DVD recorder SOC[7] and ob-
tained noticeable visual quality enhancement.
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