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Abstract: In this paper, we propose a new motion
estimation method. The proposed motion estimation
method enhances the image quality by using the temporal
symmetry in the phase correlation method. Experimental
results show that the average PSNR of the proposed method
is up to 1.36 dB higher than that of the benchmark methods.
Also, the computation time of the proposed method is very
low compared to the benchmark methods.

1. Introduction
Hold-type displays such as liquid crystal displays (LCDs)
have a serious problem called motion blur which degrades
image quality in moving images as shown in Fig. 1 [1].

Fig. 1. Temporal response and human perception in LCD
There are several approaches to reduce motion blur.
One approach is to imitate the driving method of the
impulse-type display such as scanning backlight and black
data insertion [2]. These methods reduce motion blur
effectively, but they also reduce luminance significantly.
Another approach is the frame rate up-conversion (FRUC)
which is a technique that increases the frame rate by
inserting intermediate frames between original frames.
Compared to the above methods, this method has the
advantage of maintaining luminance, while reducing
motion blur.
The frame rate up-conversion is broadly divided into
two steps: motion estimation and motion compensated
interpolation, as shown in Fig. 2.

Motion estimation (ME) is the process that calculates
the motion vectors (MVs), which are the motion change of
objects, in two or more consecutive frames [3],[5]. Motion
compensated interpolation (MCI) is the process that creates
interpolated frames using the motion vectors obtained in
motion estimation and inserts interpolated frames between
original frames. The performance of FRUC considerably
depends on the ME and the MCI method.
One of the generally used motion estimation methods is
the phase correlation method (PCM) because of its high
efficiency in terms of the performance over the complexity
[4]. The PCM measures the displacement between
consecutive frames directly from their phases by using
cross correlation and image correlation. The cross
correlation obtains the candidate MVs in frequency domain,
and the image correlation decides the final MV out of the
multiple candidate MVs. However, the PCM is not suitable
to find the true motion trajectory on the reference block of
the interpolated frame in MCI [6],[7].
This paper shows that the candidate MVs obtained by
the cross correlation can apply to the reference block on the
interpolated frame in the image correlation step. In addition,
we propose the motion estimation method using the
temporal symmetry property.
The rest of the paper is organized as follows. Section 2
describes the proposed motion estimation method. Section
3 discusses experimental results. Finally, Section 4
concludes the paper.

2. Proposed motion estimation
The existing PCM has two defects in MCI. One of the
defects is caused by motion vector shift in MCI, shown in
Fig. 3, because the true MV of the reference block on the
interpolated frame can be different with the shifted MV.
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Fig. 3. Error caused by motion vector shift in MCI
Another defect is caused by using the outside pixels of
image block in case the selected MVs are large as shown in
Fig. 4. The proposed phase correlated bilateral motion
estimation (PCB-ME) eliminates two defects.

Fig. 2. Motion estimation and motion compensated
interpolation
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viewpoint of the reference block on the interpolated frame.
Therefore, the candidate MVs selected by the correlation
value can apply to the reference block on the interpolated
frame, while the existing PCM applies the MVs to the
reference block on the current frame.

Fig. 4. Error caused by unused pixels in cross correlation
2.1 Cross correlation
In this chapter, we calculate the cross correlation and show
the candidate MVs obtained by cross correlation can apply
to the reference block on the interpolated frame in the
image correlation step. First, we calculate the discrete
Fourier transform of given two input images, which are
‘2m’x‘2n’ size block, and calculate the cross-power
spectrum, shown in (1), (2).
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Fig. 6. Temporal symmetry of the cross correlation
2.2 Image correlation

The proposed image correlation picks out one MV of the
candidate MVs by using temporal symmetry property as
shown in Fig. 7. To select the final MV, we calculate the
sum of bilateral absolute difference (SBAD), the absolute
difference of pixels between two candidate blocks in the
previous and current frames, and then select the final MV
that minimizes the SBAD, shown in (4).
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Then, we apply the inverse discrete Fourier transform to
Ri,j, and obtain the normalized cross correlation, ri,j, as
shown in (3). Fig. 5. illustrates the nomalized cross
correlation map to each x and y axis dispacement.
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arg min {SBAD( Bi , j , vc )}
( dx , dy )vc

,where Bi,j is the reference block on the interpolated frame,
and vc is a set of candidate MVs.

Finally, we obtain the set of candidate MVs {dx, dy}i,j
from the nomalized cross correlation. The set of candidate
MVs includes ‘2m’x‘2n’x‘C’ MVs, where C is the ratio of
the number of the candidate high peaks to the number of
total peaks in the correlation map.
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Fig. 7. The image correlation in the proposed motion
estimation

3. Experimental results
Y Displacement

In this paper, we performed two experiments. First, we
evaluated the performance of the proposed method. Fig. 8
illustrates the architecture of the benchmark and proposed
method.

X Displacement

Fig. 5. Normalized cross correlation map



In the process of the cross correlation, the correlation
value for each displacement of the nomalized cross
correlation map is obtained by using the inside blocks of
image blocks in the previous and current frames as shown
in Fig. 6. The inside blocks in the previous and current
frames have temporal symmetry property from the

Fig. 8. The architecture of the benchmark and the proposed
method
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Fig. 9. PSNRs by the benchmark methods and the proposed method for test sequences: (a) Foreman, (b) Container, (c)
Flower garden, and (d) Akiyo
First, we performed RGB-to-YCbCr color space
conversion to use Y signal, which means luminance, in ME.
Then, we used several motion estimation methods, which
are block matching method (BMM), bilateral ME, and
PCM, as benchmark methods, and used the PCB-ME as a
proposed method. A bidirectional MCI, which uses both the
previous and the current frames, was used for MCI step.
The experiment conditions are as follows. We devided
the current frame into 16x16 size blocks to perform the ME
and the MCI. In the case of the cross correlation of the
PCM and the PCB-ME, we used enlarged blocks, which
were 32x32 size blocks centered around formely defined
16x16 size blocks. The ratio C is 1%. The search range was
set to -16/16 pixels for both vertical and horizontal
directions. We used 4 test sequences: Foreman, Container,
Akiyo, and Flower garden, which are in the standard CIF
(352x288) format. For 73 consecutive frames for each test
sequences, we removed 36 even frames and constructed 36
new even frames from the 37 odd frames.
In the first experiment, we evaluated the performance of the
proposed method and the benchmark methods. As the
performance metric, we used peak signal to noise ratio
(PSNR), defined in (5).
PSRN 10 log
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Table 1. Average PSNRs of 36 frames for Foreman, News,
Akiyo, Container, and Flowergarden
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Second, we estimated the average computation time of
the proposed and the benchmark methods using all test
sequences (each has 73 frames). As shown in Table 2, the
average computation time of the proposed PCB-ME is very
low compared to that of the BMM and the bilateral ME,
however is slightly lager than that of the PCM.

(5)

row col

¦¦ ( I (i, j )  I

The results are compared in Fig. 9. The figure indicates
that the PCB-ME and the bilateral ME have similar
performance and outperform the PCM and the BMM. Table
1 summarizes the average PSNRs of the benchmark and the
proposed methods. The table indicates that the average
PSNRs of the PCB-ME and bilateral ME are almost equal,
but the proposed method outperformed the other benchmark
methods in all test sequences. The average PSNR of the
proposed method was up to 1.36 dB higher than those of
the benchmark methods.
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,where I is the original image, IR is the reconstructed image,
N is the number of pixels in the image.
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Table 2. Average computation time of the proposed method
and benchmark methods
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4. Conclusion
In this paper, we proposed a new motion estimation method.
The proposed motion estimation method enhanced the
image quality by using the temporal symmetry in the phase
correlation. In experimental results, The proposed phase
correlated bilateral motion estimation provided the PSNR
improvement of up to 1.36 dB, when compared to the
benchmark methods. Also, the computation time of the
proposed method is very low compared to the benchmark
methods.
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