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Improved Block Motion Estimation
Using Block Frequency Warping

Orhan Akbulut, Oguzhan Urhan, Member, IEEE, and Sarp Ertiirk, Member, IEEE

Abstract—In this letter, an enhanced motion estimation scheme
based on block frequency warping is presented. In the proposed ap-
proach, the best candidate block is initially obtained using the clas-
sical full search scheme, and then frequency warping is applied to
this block to improve the matching accuracy. The proposed method
outperforms the conventional matching strategy, as shown in the
experimental results.

Index Terms—Frequency warping, motion estimation.
1. INTRODUCTION

OTION estimation (ME) is one of the most important
Mtasks in the video coding process since it exploits tem-
poral correlation between neighboring frames to enable efficient
compression of video. Motion estimation can provide signifi-
cant compression efficiency by removing temporal redundancy.
The compression performance is typically increased with im-
proved prediction capabilities. Improving temporal prediction
accuracy is also an important aspect in H.264/AVC [1] for im-
proved performance.

Research in the area of motion estimation is mostly concen-
trated on two aspects: reducing the high computational load of
motion estimation possibly at the cost of estimation accuracy;
or increasing motion estimation accuracy possibly at the cost of
higher computational load. Fast search techniques [2]-[5] and
low bit-depth representation-based matching methods [6]-[10]
are examples for approaches proposed to reduce the computa-
tional load of motion estimation.

Several approaches try to improve the compression perfor-
mance of the overall video coding system by exploiting proper-
ties of the transform coder. The method presented in [11] uses
a smooth constrained matching (SCM) criterion instead of the
conventional minimum absolute difference (MAD) matching to
improve the overall video coding performance. Another recently
proposed method in [12] introduces the high-frequency compo-
nent matching (HFCM) concept to exploit properties of trans-
form coding for efficient video compression.

The number of approaches that aim to improve the estima-
tion accuracy is much more limited compared to the many ap-
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proaches proposed to reduce the computational load. For ex-
ample, sub-pixel motion estimation approaches are typical ex-
amples for techniques that improve the prediction accuracy at
the cost of higher computational load [1]. In a similar point of
view, motion estimation with block frequency warping is pro-
posed in this letter. In the proposed approach, initially classical
full search with MAD matching is performed. Then, frequency
warping is applied to the best candidate block to further improve
the prediction accuracy.

II. BLOCK FREQUENCY WARPING-BASED ME

Frequency warping of signals has been proposed in the liter-
ature to make them more appropriate for processing and partic-
ularly compression. For example, the warped DCT (WDCT) is
proposed in [13] and [14] to improve coding efficiency of DCT
compression by changing properties of the input signal. It is
shown that this approach outperforms the standard DCT-based
scheme. Frequency warping has also applications in speech pro-
cessing [15]. Furthermore, the application of frequency warping
in the wavelet domain has been presented in [16].

Frequency warping can be carried out using FIR-type all-pass
filters. The filter used in the frequency warping process can be
formulated as

Az) = <L+Z_ll> )

1—az—

where o shows the frequency warping parameter. The filter
A(z) is also referred to as Laguerrre filter and is used in various
applications [17]-[19].

The warping parameter typically controls the amount of fre-
quency warping. In practice, it is possible to try out different
warping parameter values and use the one that gives the best
result. In [13], it is suggested to vary a within the range of
[—0.1,0.875] so that the warping parameter can be formulated
as

a:<(10"—N)>, ~N<n<N-1 )
for a total of 2V different warping parameters. Hence, a total
of 16 different warping parameters are obtained for N = 8.
Note that the case for which the warping parameter is zero cor-
responds to no frequency warping, so that the classical case is
also included.

In the proposed approach, it is proposed to use frequency
warping to improve the prediction for block motion estima-
tion, by modifying the frequency distribution of the candidate
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Fig. 1. PSNR results for classical MAD and proposed FW-MAD ME approaches. (a) Football sequence. (b) Mobile sequence.

TABLE I
AVERAGE PSNR (dB) OF SEVERAL SEQUENCES RECONSTRUCTED BY MAD AND FW-MAD MOTION ESTIMATION METHODS

Video Sequences
Football Flowergarden Mobile Tennis Coastguard Foreman
Method (352x240) (352x240) (352x240) (352x240) (352x288) (352x288)
(125 frames) (115 frames) (140 frames) | (112 frames) | (299 frames) | (299 frames)

MAD (bs=16) 22.88 23.79 22.99 29.87 30.48 32.11
FW-MAD (bs=16) 23.16 24.26 23.47 30.11 30.82 3243
MAD (bs=8) 24.73 25.22 23.88 31.25 31.59 32.90
FW-MAD (bs=8) 25.11 25.80 24.44 31.55 32.06 33.31

block. For this purpose, initially the motion vector and the cor-
responding best matching candidate block is obtained by clas-
sical MAD-based motion estimation. Then, frequency warping
is applied to the best matching block with different warping pa-
rameters to further improve the prediction. The MAD is com-
puted between all frequency warped candidate blocks and the
original block, and the frequency warped candidate block giving
the lowest error is used as final prediction.

III. EXPERIMENTAL RESULTS

The Football, Flowergarden, Mobile, Tennis, Foreman, and
Coastguard sequences are used to assess the performance of the
proposed approach. Both 16 x 16 and 8 x 8 pixel block sizes
are used for evaluation. Fig. 1 shows the peak signal-to-noise
ratio (PSNR) results with respect to the frame number for the
125 frames of the Football and Mobile sequences for frequency
warping MAD (FW-MAD) as well as classical MAD using a
block size of 16 x 16 pixels and a search range of 16 pixels.
In this case, each frame is reconstructed using best matching
blocks from the previous frame and the PSNR is computed be-
tween the original and predicted frames. It is seen from this
figure that the proposed approach improves the temporal pre-
diction performance for all frames.

Table I shows the average PSNR results for the Football,
Flowergarden, Mobile, Tennis, Foreman, and Coastguard se-
quences obtained using full search for block sizes of 16 x 16
and 8 x 8 pixels, with search ranges of 16 and 8 pixels, respec-

tively. As seen in Table I, the proposed approach can improve
the estimation performance by up to 0.6 dB on average com-
pared to conventional MAD. Note that bs is used to refer to the
block size in this table.

Fig. 2 shows sample frames for the Football sequence where
ablock size of 16 x 16 pixels and a search range of 16 pixels are
used. As seen from the estimation errors in Fig. 2(c) and (d), the
proposed frequency warping-based motion estimation approach
provides a lower residual.

The improvement in estimation accuracy comes at the cost
of additional computational load. After the candidate block
is obtained using conventional motion estimation, frequency
warping is applied to improve prediction. Sixteen different
warps (N = 8) are conducted on the candidate block, and
the best matching case evaluated with MAD is used as final
prediction. Hence, the additional computational load sums up
to 16 warps and 16 additional MAD computations per block.
Since warping is only applied to the candidate block and not
all search blocks, the introduced complexity is relatively lim-
ited. The warps can be regarded as linear filtering operations,
while the additional MAD computations can be regarded as
an increase in search locations as if 16 additional searches are
carried out per block.

IV. CONCLUSION

In this letter, a novel motion estimation approach which uses
frequency warping of candidate blocks is presented. Frequency



AKBULUT et al.: IMPROVED BLOCK MOTION ESTIMATION USING BLOCK FREQUENCY WARPING 145

(d)

Fig. 2. Sample frames and reconstruction residuals for MAD and proposed FW-MAD approaches. (a) Football frame #95. (b) Football frame #96. (c) FS-MAD
estimation error (offset = 128) PSNR = 22.58 dB. (d) FS-FW-MAD estimation error (offset = 128) PSNR = 22.93 dB.

warping is simply applied to the best matching block found by
conventional MAD motion estimation to improve prediction ac-
curacy. Experimental results show performance improvement
with respect to standard MAD-based motion estimation.
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