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Abstract

In the existing draft of Joint Scalable Video Model JSVM-4 there are two ways of
exploiting inter-layer correlation between motion vectors from the base and the spatial
enhancement layers. Motion vectors from the base layer are rescaled and directly taken as
vectors for motion compensation in enhancement layer. The Va-pel refinement can be
additionally sent in the bitstream for more precise motion compensation. Those two prediction
modes are explicitly signaled in the scalable bitstream by the encoder. =~ However, there are
still some cases when even better performance of motion vectors prediction can be obtained by
using the motion vectors from the base layer.

The proposal is to use during standard prediction, the co-located motion vector from the
base layer whenever the neighboring blocks are not available for motion prediction. Proposed
techniques of extended inter-layer prediction have reduced average motion vector prediction
residuals up to 25%. Overall bitrate has also decreased in all tested cases.
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1. Introduction

Predictive coding of the motion vectors is very important for the effective compression of
the motion vectors field in a hybrid video codec. In the AVC/H.264 standard [3], sophisticated
median motion vector prediction is used. On the other hand, the scalable video encoder that
produces a bitstream with multiple layers of spatially scalable video sequence, provides even
more motion data that has to be encoded. Because of the multiple motion vectors fields, the
problem of effectively representing the motion data is becoming more crucial. Beside the intra-
layer AVC-like motion vector prediction, additional inter-layer motion correlation can be
exploited.

In the existing draft of Scalable Video Coding standard [2] and Joint Scalable Video
Model JSVM-4 [1] there are two ways of exploiting inter-layer correlation between motion
vectors from the base and the spatial enhancement layers. Motion vectors from the base layer
are rescaled and directly taken as vectors for motion compensation in enhancement layer. The
Ya-pel refinement can be additionally sent in the bitstream for more precise motion
compensation. Those two prediction modes are explicitly signaled in the scalable bitstream by
the encoder.

2. Intra-layer prediction of motion vectors in AVC/H.264

There are two basic motion vector prediction schemes that are used in AVC/H.264 [3]:
directional prediction of motion vector and median prediction of motion vector. Directional
prediction is used for macroblock modes with partitions of 8x16 and 16x8 luma samples (see
Fig. 1). For all other partitioning modes of the macroblocks, the scalar median prediction of
motion vector is used with motion vectors from blocks A,B,D or A,B,C as an input (see Fig. 2).

|

| L

D 8x16 and 16x8 partitions of current macroblock
D neighboring macroblocks

Fig. 1. Directional prediction of motion vectors
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Fig. 2. Median prediction of motion vectors

Not always all neighboring blocks, of which motion vectors are used during prediction
are available in the same slice as the current macroblock. Moreover, in some cases,
neighboring macroblocks are intra coded or they use different reference picture for motion
compensated prediction than the current block. In these cases, the standard scheme of motion
vectors prediction is slightly modified. As a result for 8x16 and 16x8 partitioning modes, the
median prediction is performed, while for other cases median prediction can be replaced by
prediction from the single neighboring block.

Experiments prove that standard intra-layer prediction of motion vectors defined in
AVC/H.264 works very well. On Fig. 3 and Fig. 4 histograms with absolute values of an average
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motion vector prediction residual in the enhancement layer have been presented. The codec
was configured to produce the scalable bitstream with 2 spatial resolution layers (QCIF and
CIF). The averages of absolute values of components of motion vector residuals are given in
Tab.2.
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Fig. 3. Histogram of average motion vector prediction residual in P-slices,
football sequence CIF 30 fps, various quality.
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Fig. 4. Histogram of average motion vector prediction residual in B-slices,
football sequence CIF 30 fps, various quality.
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Depending on quantization parameter Qp and the slice type (P or B), 40%-70% of the
components of the motion vectors prediction residuals were zeros, which are very effectively
represented in the bitstream. As the result, the room for improvements is very limited as it can
be obtained only for remaining 60%-30% motion vectors residuals.

3. Inter-layer prediction of motion vectors in scalable extension of AVC/H.264

In current draft of scalable extension of AVC/H.264 (JSVM-4) [1,2] new macroblock
prediction modes are specified. They allow for inter-layer prediction of motion vectors. The
syntax elements base_mode flag and base_mode_refinement_flag defined in
macroblock_layer_in_scalable_extension( ) allow for inheriting reference frame indices and
motion vectors from the base layer motion vectors field. In the first mode, no further motion
data is sent, however for the latter mode only 1/4 —pel motion vector refinement is sent.
Additionally, motion_prediction_flag_IX[mbPartldx] allows for switching on inter-layer
prediction for selected partitions of the macroblock, with differentially encoded motion vector
prediction error.

As one can see, all inter-layer motion vectors prediction modes are explicitly signaled in
the bitstream.

4. Combined prediction of motion vectors

Here, improvements to the existing inter-layer motion vectors prediction scheme are
proposed. As mentioned above, in most cases, existing intra-layer motion vectors prediction
works very well. However, there are still some cases, when there is a possibility of poor
prediction of motion vectors from the spatially neighboring blocks. For example, when the
current macroblock is the first macroblock in the slice, there are no neighboring motion vectors
for prediction. Another problem appears when neighbors are intra-coded or use different
reference picture for motion compensated prediction. In such cases we can replace “missing”
motion vector with the rescaled co-located motion vector from the base layer as depicted on Fig.
5.

currently coded block
enhancement /‘ / | o \ L Y

layer v ] neighbours of currently coded block
A available for motion vector prediction
neighbours of currently coded block
unavailable for motion vector prediction
rescaled .
base layer coresponding block

in interpolated base layer

Fig. 5. Inter-layer motion prediction when neighboring blocks are unavailable for prediction.

The new idea is to not signal explicitly of inter-layer prediction of motion in the bitstream,
but rather to use the co-located motion vector from the base layer as the possible candidate for
prediction. This is performed only when neighboring blocks are:

- not in the same slice,

- intra coded,

- using different reference frames for prediction.

In such cases the motion vector associated with the block is marked as “missing” and can be
replaced by a rescaled motion vector from the lower layer.
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Tab. 1. Techniques of the proposed inter-layer motion vectors prediction.

Vector from the base layer that is used
for inter-layer prediction
The nearest with the same
Co-located

reference frame

Once technique #3 technique #4

How many times (Inter-layer 3) (Inter-layer 4)

vector from the base

layer is used . technique #1 technique #2

Many times (Inter-layer 1) (Inter-layer 2)

We have tested the following variants of a replacement of the “missing” motion vector
(see Tab. 1):
- using the motion vectors from the base layer only once during single prediction,
- using the motion vectors from the base layer as many times as many “missing” motion vectors
appear during single prediction,
- using the directly co-located motion vector from the base layer,
- looking for the nearest motion vector in the base layer that uses the same reference frame
index as the current motion vector (as depicted on Fig. 6).

co-located block in a base layer

neighbours of co-located block in a base layer

Fig. 6. Order of searching for the motion vector
with the same reference frame index in the base layer

File: JVT-R094.doc Page: 5 Date Saved: 2007-02-27



5. Results

The tests have been performed for the CIF sequences BUS, FOREMAN, FOOTBALL and
MOBILE using AVC-based scalable video codec [4]. The coder was set up for producing two
spatial layers (QCIF and CIF), both temporally scalable using B-frames. For each sequence the
average motion vector prediction error have been measured (for P- and B- slices) as well as
overall bitrate for various techniques of inter-layer motion vector prediction. Example test results
for sequence FOOTBALL are shown in Tab. 2 and Tab.3. Average absolute values of motion
vectors prediction residuals for various techniques of inter-layer motion prediction are depicted
on Fig. 7 — Fig. 14. R-D curves for all test sequences are depicted on Fig. 15 — Fig. 18.

Tab. 2. Average absolute values of the components of the motion vector prediction residual
in FOOTBALL sequence using various techniques of inter-layer motion prediction.

FOOTBALL sequence, 176x144-352x288, IPBP
Quantization parameter

QPs=33, | QPs=35, | QPs=37, | QPs=39, | QPs=41,

QPr=33 | QPg=35 | QPz=37 | QPr=39 | QPg=41
base layer 5.601 5.725 5.807 6.112 6.434
Y No inter-layer 6.421 6.864 7.239 7.677 8.332
%g inter-layer 1 4515 4.874 5.165 5.474 6.035
g ‘g inter-layer 2 4912 5.160 5.481 5.692 6.160
§ g inter-layer 3 4.816 5.212 5.361 5.613 6.090
g g inter-layer 4 4.949 5.145 5.553 5914 6.162

Tab.3. Bitrate (kbps) and PSNR (dB) in FOOTBALL sequence using
various techniques of inter-layer motion vectors prediction.

FOOTBALL sequence, 176x144-352x288, IPBP

Quantization parameter

QPy=33, | QPy=35, | QPy=37, | QPy=39, | QPy=4I,

QP:=33 | QPx=35 | QPx=37 | QPx=39 | QP:=4l
2 base layer 320.5/30.54 240.8/30.29 182.5/27.86 133.6/26.57 94.8/25.28
g g " inter-layer |735.5/31.73 | 561.3/30.29 | 439.7/29.11 | 328.8/27.83 | 249.5/26.64
E %‘é inter-layer 1 |724.8/31.74 |553.1/30.31 | 431.3/29.12 | 322.0/27.85 | 242.9/26.66
E g‘g inter-layer 2 | 726.7/31.75 | 552.4/30.3 |432.3/29.13 | 322.5/27.85 | 244.3/26.65
73;3/ Eg inter-layer 3 |726.1/31.74 | 553.1/30.31 | 431.9/29.13 | 322.8/27.86 | 243.3/26.66
- 58 inter-layer 4 |726.6/31.74 | 553.2/30.29 | 431.6/29.12 | 322.1/27.85 | 243.0/26.64
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Fig. 7. Average absolute values of components of motion vector residual for various
techniques of inter-layer prediction, FOOTBALL sequence, P-slices.
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Fig. 8. Average Average absolute values of components of motion vector residual for
various techniques of inter-layer prediction, FOOTBALL sequence, B-slices.
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Fig. 9. Average absolute values of components of motion vector residual for various
techniques of inter-layer prediction, MOBILE sequence, P-slices.
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Fig. 10. Average Average absolute values of components of motion vector residual for
various techniques of inter-layer prediction, MOBILE sequence, B-slices.
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Fig. 11. Average absolute values of components of motion vector residual for various
techniques of inter-layer prediction, FOREMAN sequence, P-slices.
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Fig. 12. Average Average absolute values of components of motion vector residual for
various techniques of inter-layer prediction, FOREMAN sequence, B-slices.
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Fig. 13. Average absolute values of components of motion vector residual for various
techniques of inter-layer prediction, BUS sequence, P-slices.
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Fig. 14. Average Average absolute values of components of motion vector residual for
various techniques of inter-layer prediction, BUS sequence, B-slices.
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Fig. 15. R-D curves for various techniques of inter-layer
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Fig. 16. R-D curves for various techniques of inter-layer
predictions in MOBILE sequence.
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Fig. 18. R-D curves for various techniques of inter-layer
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Proposed techniques of inter-layer motion prediction significantly reduce motion vector
residual (up to 25%, Fig. 7 — Fig. 14) and provide better performance of the scalable encoder
(Fig. 15 — Fig. 18). In most cases technique #1 (inter-layer 1) outperforms other proposed
techniques with the smallest motion vector prediction residual.

6. Conclusions

Standard prediction of motion vectors in AVC/H.264 works very efficiently. Inter-layer
prediction which has been introduced into scalable extension of AVC/H.264, allows for further
reducing the bitrate. Base layer motion vector prediction mode is signaled explicitly in the
scalable bitstream, additionally the Vz-pel refinement can be sent by the encoder.

However, there are still some cases when even better performance of motion vectors
prediction can be obtained by using the motion vectors from the base layer.

Our proposal is to use during standard prediction, the co-located motion vector from the
base layer whenever the neighboring blocks are:

— unavailable for motion prediction,

— intra-frame coded,

— use different reference frame for motion compensated prediction.

Proposed techniques of extended inter-layer prediction have significantly reduced motion
vectors prediction residuals. Overall bitrate has also decreased in all tested cases.

The best among the proposed techniques is technique #1, which uses a motion vector of the
directly co-located block in the base layer as many times as many “missing” motion vectors
appear in the neighborhood of the current block.

The proposed technique of inter-layer motion prediction can be used as the extension of
existing technique, which explicitly signals using base-layer motion vectors.
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