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ABSTRACT

Common motion compensated hybrid video coding standards such as H.263, MPEG-1, MPEG-2, MPEG-4 are based on a
fractional -pel displacement vector resolution of 1/2-pel. Recent approacheslike MPEG-4 ACE and H.26L (TML5) usea 1/4-pel
displacement vector resolution. In order to estimate and compensate fractional-pel displacements, the image signal has to be
interpolated. Therefore different interpolation filters are used in the standards. In this paper an enhanced motion compensated
hybrid video codec is presented, which is based on high-resolution displacement vectors. For this purpose, displacement vector
resolutions of 1/8- and 1/16-pel are used in order to improve the motion compensated prediction and the coding efficiency. The
coding results for different resolutions are presented and the dependence on different interpolation filtersis analysed. It turned
out that the higher the displacement vector resolution is, the higher the influence of the filter on the coding gainis. A gain up
to 3.0 dB PSNR is obtained compared to a hybrid video codec, which is based on 1/2-pel resolution and bilinear interpolation
like H.263, MPEG-1,2,4. Compared to 1/4-pel displacement vector resolution and a wiener interpolation filter asit isused in
MPEG-4 ACE and H.26L (TML5), again up to 1.0 dB PSNR is obtained.
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1. INTRODUCTION

Standardised hybrid video codecs like H.261, H.263, MPEG-2, MPEG-4 etc. are based on motion compensated predic-
tion.1:>4:5  Figure 1 shows the block diagram of such a hybrid video encoder, where the current image to be coded s(t) is
predicted by a motion compensated prediction from an aready transmitted image s ' (¢-1).
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Figure 1. Block diagram of ahybrid video encoder based on motion compensated prediction.



The result of the motion compensated prediction is image 5(¢). Only the prediction error e(¢) and the motion information

-

d(t) is coded and transmitted. For the motion compensated prediction purpose, the current image is partitioned into blocks. A
displacement vector af(t) is assigned to each block, which refersto the corresponding position of itsimage signa in an aready
transmitted reference image s’(¢-1). The displacement vectors have a fractional-pel resolution, and therefore may refer to a
position in an reference image, which is located between the sampled positions of its image signal. In order to estimate and

compensate fractional-pel displacements, the image signal on subpel positions has to be generated by interpolation.

The most frequently used fractional-pel resolution of the displacement vectors d(t) is 1/2-pel (H.263, MPEG-1, MPEG-2,
MPEG-4). Recent approaches like MPEG-4 ACE and H.26L (TML5) are based on 1/4-pel displacement vector resolution.
Compared to 1/2-pel resolution the use of 1/4-pel resolution improves the motion compensated prediction and the coding
efficiency.®>10

In this paper a further increase of the displacement vector resolution is proposed in order to further improve the motion
compensated prediction and the coding efficiency. An enhanced motion compensated prediction schemefor hybrid video coding
is presented, which is based on high-resolution displacement vectors of 1/8- and 1/16-pel. Therefore the motion compensated
prediction scheme has to be adapted to the higher displacement vector resolution. Using higher displacement vector resolutions
the interpolation scheme has to be adapted too. For this purpose, different interpolation filters are analysed. The enhanced
motion compensated hybrid video codec with high-resolution displacement vectors is tested with different test sequences and
the coding result is compared to the results of video coding standards.

In Section 2 the motion compensated prediction with fractional-pel displacement vector resolution is introduced in detail.
Section 3 is focused on the interpolation process for different displacement vector resolutions and with different interpola-
tion filters. In Section 4 the enhanced motion compensated hybrid video codec with high-resolution displacement vectors is
presented. Experimental results are presented in Section 5 and in Section 6 a summary is given.

2. MOTION COMPENSATED PREDICTION WITH FRACTIONAL-PEL
DISPLACEMENT VECTOR RESOLUTIONS

In this Section the motion compensated prediction module of Figure 1 is described in detail. This module uses the aready
transmitted signal s’(¢-1) and the estimated displacement vectors d(t) in order to create the prediction image $(¢). Figure 2
shows the block diagram of the motion compensated prediction module for a displacement vector resolution of 1/M. The
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Figure 2. Block diagram of the motion compensated prediction based on a displacement vector resolution of 1/M .

motion compensated prediction is performed in two steps. The first step is the interpolation process, where the sampling rate
of the already transmitted image s’ (¢-1) isincreased by afactor of M and filtered with an interpolation filter H. The result of
this first step is the interpolated image s/ (¢-1). In the second step the interpolated signal is shifted according to the estimated



-

displacement vector d(t) and the sampling rate is reduced by the factor of M. Theresult isthe motion compensated image §(¢).
The next Section describes the interpolation processin detail.

3. INTERPOLATION PROCESS

Figure 3 shows the block diagram of the interpolation process for an interpolation by an exemplary factor of 4. In this Figure
two representations for this interpolation are given. In part a) of Figure 3 the interpolation process is performed in one step
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Figure 3. Two representations for a sampling rate increase by a factor of 4 and interpolation filtering. @) Based on one step
with one interpolation filter H b) Based on two steps with two interpolation filters H, and H»

with one interpolation filter H. This is the same representation that is also used in Figure 2. Part b) of Figure 3 shows a
representation, where the interpolation is performed in two steps with two interpolation filters H, and H,. Since in the video
coding standards MPEG-4 ACE and H.26L the representation of part b) is used, it is also used in this contribution. Note that
the representation b) can be transfered to representation a). In order to interpolate displacement vector resolutions of 1/8- and
1/16-pel, the interpolation process of Figure 3 b) is extended by one or two steps, respectively.

In the following table 1 an overview over different video coding standards, their used displacement vector resolution (DV-
res) and their interpolation filters H; and H, are given. The most popular interpolation method is the bilinear interpolation,

| Standard | DV-res | M | H, | H, |
H.261 Vlpe | 1 - -
H.263 12-pe | 2 Bilinear -
MPEG-1,2,4 2-pel | 2 Bilinear -
MPEG-4 ACE || V4-pel | 4 | Wiener (8tap) | Bilinear
H.26L (TML5) || 1/4-pel | 4 | Wiener (6tap) | Bilinear

Table 1. Video coding standards with their motion vector resolution (DV-res), their upsampling factor A and their interpolation
filters H; and H».

which is used in H.263, MPEG-1, MPEG-2 and MPEG-4. Recent approaches like MPEG-4 ACE and H.26L are based on
Wiener interpolation filters.?* These Wiener Interpolation Filters were designed to interpol ate the image signal while reducing
aliasing components, which are deteriorating the motion compensated prediction. ”-® The different interpolation filters and the
dependence between the filter coefficients and the impulse response are depicted in table 2. In order to interpolate the two
dimensional image, the one dimensional filters are applied first horizontal and after this vertically.

| Name | taps | Filter coefficients | Impulse response of interpolation filter |
Bilinear 2 (128,128)/256 (128,256,128)/512
Hamming-Sinc | 8 (-2,8,-34,156,156,-34,8,-2)/256 (-2,0,8,0,-34,0,156,256,156,0,-34,0,8,0,-2)/512
Wiener 8 | (-8,24,-48,160,160,-48,24,-8)/256 | (-8,0,23,0,-48,0,161,256,161,0,-48,0,23,0,-8)/512

Table 2. Onedimensional interpolation filterswith their number of filter taps, their filter coefficients and their impul se response.



The Bilinear and the Wiener Filter were already mentioned above. The 8-tap Wiener Filter is the same filter, which is
used in MPEG-4 ACE. Additionally the 8-tap Hamming-Sinc filter is used, which results from a Hamming windowed Sinc
function.® The Sinc function isthe impulse response of an ideal low-passfilter, which should be used for an interpolation of an
image without aiasing.® In Figure 4 the frequency responses of these three interpolation filtersis depicted. The Figure shows,

25 X X X T T T T T T

- Bilinear
— Hamming-Sinc
— Wiener

[HI(w)]

0 i i i i i i
-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
w/m

Figure 4. Magnitude responses of different interpolation filters.

that the bilinear filter is faraway from an ideal low-pass filter. It has a significant passband attenuation and also a significant
stopband permeability. The Hamming windowed Sinc function has a much more sharper filter characteristic. Thus the filter
remains close to the magnitude two over more of the passband and becomes close to zero more rapidly in the stopband. While
the magnitude response of the Hamming-Sinc is monotonic in both the passband and the stopband, the Wiener filter has an
equiripple behavior. But therefore the Wiener Filter has a sharper filter characteristic than the Hamming-Sinc.

4. THEHYBRID VIDEO CODEC BASED ON HIGH-RESOLUTION DISPLACEMENT VECTORS

The displacement vector resolutions of 1/8- and 1/16-pel and the different interpolation filters are implemented in the H.26L
(TMLZ1) codec. In the motion compensated prediction scheme the motion vector candidate has to be estimated for each block.
For the 1/8-pel displacement vector resolution this is done by the following 5 steps:

. Make afull search to find the best 1/1-pel vector.
. Check the 8 1/2-pel positions around the best 1/1-pel vector in order to find the best 1/2-pel vector.

1
2
3. Check the 8 1/4-pel positions around the best 1/2-pel vector in order to find the best 1/4-pel vector.
4. Check the 8 1/8-pel positions around the best 1/4-pel vector in order to find the best 1/8-pel vector.
5

. Select the motion vector, which produces the lowest rate-distortion cost.

For the 1/16-pel displacement vector resolution one more step is used. In order to code the displacement vectors with enhanced
resolution, the coding scheme for the displacement vectorsis adapted.

In order to reduce the possible filter combinations for the experimental results, the same interpolation filter is used in each
interpolation step. E.g. for a 1/4-pel interpolation scheme, asit is depicted in Figure 3, thismeansthat H =H>.



5. EXPERIMENTAL RESULTS

The test sequences used for the experimental results are Mobile & Calendar and Flower Garden each at CIF format and 30 Hz.
The results for different interpolation filters and the results for different displacement vector resolutions are presented and
discussed separately. The coding gain has been measured by the PSNR of the reconstructed image signal.

In order to investigate the influence of the interpolation filters on the coding efficiency Figure 5 shows the operationa rate
distortion curves for the threefilters of table 2 and for the different displacement vector resolutions of 1/2-, 1/4- and 1/8-pdl. It
turned out, that the Wiener filter leads to the best results for al displacement vector resolutions. The higher the displacement
vector resolution is the higher the difference between the Wiener filter and the bilinear and Hamming-Sinc is. The gain in
PSNR between the results obtained with the Wiener Filter and the bilinear Filter isup to 0.8 dB for 1/2-pel displacement vector
resolution, up to 1.5 dB for 1/4-pel displacement vector resolution and up to 2.3 dB for 1/8-pel displacement vector resolution.
The highest gainisachieved for higher bit rates and the gain islower for the lower bit rates. Furthermoreasignificant difference
between the Wiener Filter and the Hamming-Sinc filter is obtained. Thisis due to the fact that the Wiener filter was developed
to reducethe aliasing componentsthat are deteriorating the motion compensated prediction. Since the Wiener Filter leadsto the
best performancefor all resolutions and sequencesit is used for the further comparisons of the displacement vector resolutions.

In order to investigate the results for different displacement vector resolutions Figure 6 shows two graphs with operational
rate distortion curvesfor the test sequences used. In addition to the curvesfor the displacement vector resolutions 1/2, 1/4, 1/8,
1/16 with the Wiener interpolation filter a curvetor the 1/2-pel resolution with the bilinear Interpolation filter (H.263, MPEG-2,
MPEG-4) is shown in dashed. The curves show, that there is a significant coding gain, when the displacement vector resolution
is increased up to a resolution of 1/8-pel. The 1/16-pel resolution does not lead to further gains. Compared to 1/2-pel and
bilinear interpolation filter asit is used in H.263, MPEG-1,2,4 a gain up to 3.0 dB is obtained. Compared to 1/4-pel and the
8-tap Wiener interpolation filter asit is used in MPEG-4 ACE again up to 1.0 dB is obtained.
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Figure 6. Operational rate distortion curvesfor test sequences Mobile & Calendar and Flower Garden.



6. SUMMARY

A motion compensated hybrid video codec based on high-resol ution displacement vectorsis presented. Therefore displacement
vector resolutions of 1/8- and 1/16-pel are used. Furthermore three different interpolation filters are applied and analysed. The
very simple bilinear filter, an 8-tap Hamming windowed Sinc filter and an 8-tap Wiener interpolation filter. The codec was
tested with the sequences Mobile & Calendar and Flower Garden each at CIF format and 30 Hz.

An analyse for the different interpolation filters shows that the Wiener filter leads to best coding efficiency. The higher
the displacement vector resolution is, the higher the influence of the filter on the coding gain is. For a displacement vector
resolution of 1/2-pel the wiener filter leads to a gain up to 0.8 dB compared to the bilinear filter and almost no gain compared
to the hamming Sinc. For a displacement vector resolution of 1/8-pel the wiener filter leadsto again up to 2.3 dB compared to
the bilinear filter and 1.5 dB compared to the hamming Sinc filter.

The results for the different displacement vector resolutions showed a significant coding gain while using high-resolution
displacement vectors of 1/8 pel. The 1/16-pel displacement vector resolution does not lead an additional gains compared to
1/8-pel resolution. Compared to 1/2-pel and bilinear interpolation filter as it is used in H.263, MPEG-1,2,4 a gain up to 3.0
dB is obtained. Compared to 1/4-pel and the Wiener interpolation filter as it is used in MPEG-4 ACE againupto 1.0 dB is
obtained.
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