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Introduction

For motion compensating prediction with fractional sample resolution, the values in the reference pictures that do not lie on integer sample positions have to be generated by applying a 6-tap (8-tap) FIR interpolation filter in quarter-sample (eigth-sample) motion vector mode.

For the example of a 4x4 motion compensated block to be predicted in quarter-sample motion vector mode, this leads to a block of 9x9 samples which has to be read from the reference picture to perform the interpolation: three samples (half the filter length) biased in the direction of the fractional sample position to interpolate the edge samples on this side, an two samples (half the filter length minus 1) for the edge samples on the opposite side of the block. This means that for interpolating a block of 4x4=16 samples, a reference picture block of 9x9=81 samples has to be accessed. Compared with bilinear interpolation, where only 5x5=25 reference samples are needed, this is an increase to more than three times of reference memory access. In eigth-pel mode, a block of 11x11=121 reference samples is needed, which is almost five times the number needed for bilinear interpolation.

Method description

In MPEG-4, a technique called “block boundary mirroring” was introduced to limit the amount of reference memory access to that of bilinear interpolation, while still being able to take advantage of the high efficiency of FIR filter interpolation for subpel values:

“In the subpel interpolation, for each block of size MxN in the reference picture which position is defined by the decoded motion vector for the block to be predicted, a reference block of size (M+1)x(N+1) biased in the direction of the subpel sample position is read from the reconstructed reference picture. Then, this reference block is symmetrically extended at the block boundaries by two samples (three samples in case of eigth-pel motion vector mode) using block boundary mirroring according to Figure 1.”
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Figure 1 -- block boundary mirroring

The subpel values are then calculated from this extended reference block according to the description of fractional sample accuracy in the motion compensation section of the Joint Video Specification. A complete textual description relative to JVT-E022d7 is given at the end of this document.

Results

Results were obtained using JM_4.0d, with test sequences and conditions according to VCEG-N81 (exception: 3 reference frames instead of 5 are used). Additionally, 2 HHR sequences (right halves of Bus and Canoa) were used, according to the conditions defined in the “AdHoc on MC analysis” using 2 reference frames, picture-adaptive frame/field coding and InterABT for the Canoa sequence.

The results for the “Bjontegaard Delta SNR” (BDSNR) are given below, a visual demonstration for subjective quality comparison will be presented at the Geneva meeting.

Table 1 – Simulation Parameters

Parameter
Value

Sequence Type
IPPP.. or IBBP..

QPFirstFrame
24, 28, 32, 36,40

QPRemainingFrame
24, 28, 32, 36,40

MVResolution
1/4 Pel

UseHadamard
ON

SearchRange
32

NumberReferenceFrames
3 (2 for HHR)

MB modes
all

NumberBFrames
0/2

RDOptimization
ON

Adaptive Block size Transform
OFF (InterABT ON for Canoa HHR)

Table 2 – BDSNR comparison (using QPs 28, 32, 36 and 40): JM_4.0d Motion Interpolation against Block Boundary Mirroring




IPPP
IBBP

Sequence
Freq.
#Frames
(SNR
(Rate
(SNR
(Rate

Canoa Cut HHR
30Hz
220
-0.025 dB
0.45%
-0.005 dB
0.09%

Bus Cut HHR
30Hz
150
-0.076 dB
1.65%
-0.059 dB
1.24%

Mobile CIF
30 Hz
250
-0.159 dB
3.71%
-0.273 dB
6.35%

Tempete CIF
30Hz
260
-0.118 dB
2.92%
-0.147 dB
3.89%

Paris CIF
15Hz
149
-0.084 dB
1.64%
-0.077 dB
1.50%

Silent QCIF
15Hz
150
-0.043 dB
0.85%
-0.039 dB
0.77%

Container QCIF
10Hz
100
-0.059 dB
1.16%
-0.074 dB
1.37%

Foreman QCIF
10Hz
100
-0.093 dB
1.69%
-0.033 dB
0.59%

News QCIF
10Hz
100
-0.082 dB
1.38%
-0.055 dB
0.94%

Mean ( Results:
-0.082dB
1.72%
-0.085 dB
1.86%

Conclusion

An efficient method for reducing the amount of reference memory access in the motion interpolation part of the JM is proposed. It has already shown its potential with the successful adoption into the MPEG-4 Visual standard. We propose to tentatively adopt this method into the JVT standard, with a time slot for implementation after the Geneva meeting.

Textual Description of Block Boundary Mirroring relative to document JVT-E22d7

8.4.2
Fractional sample accuracy

Fractional sample accuracy is indicated by motion_resolution. If motion_resolution has the value 0, quarter-sample interpolation with a 6-tap filter is applied to the luma samples in the block.  If motion_resolution has the value 1, eighth-sample interpolation with an 8-tap filter is used. All fractional luma samples shall be interpolated as described in subclauses Fehler! Verweisquelle konnte nicht gefunden werden. for quarter-pel accuracy and subclause Fehler! Verweisquelle konnte nicht gefunden werden. for eighth-pel accuracy. The interpolation process for fractional chroma samples in both cases is described in subclause Fehler! Verweisquelle konnte nicht gefunden werden..

<new text> In luminance fractional sample interpolation, for each block of size NxM (the values of N and M are derived from the mb_mode and, if applicable, the block8x8_mode) a reference block of size (N+1)x(M+1) the position of which is defined by the decoded motion vector for the block to be predicted and biased in the direction of the fractional sample position is read from the reconstructed reference picture. Then, this reference block is symmetrically extended at the block boundaries by two samples for quarter-sample interpolation (three samples for eighth-sample interpolation) using block boundary mirroring according to Figure 9-5a.
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Figure 8-5a – Block Boundary Mirroring

The fractional sample values are then calculated from this extended reference block as described in the following. The term “reference picture samples in integer positions” relates to values from this extended reference block. <end new text>
If a sample referred to in the interpolation process (necessarily integer accuracy) is outside of the reference picture it shall be replaced by the nearest sample belonging to the picture (an edge or corner sample). Motion vectors are allowed to point to samples outside the reference picture.  If a sample outside the reference picture is referred to in the prediction process, the nearest sample belonging to the picture (an edge or corner sample) shall be used. Reconstructed motion vectors shall be clipped to ±19 integer samples outside of the picture.  [Ed. Note: Is that an encoder or decoder clipping process?  Does it affect the values of the prediction of subsequent MVs? Description must be improved.]
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Please send to:

JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA

Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)

This form provides the ITU-T | ISO/IEC Joint Video Co0ding Experts Group (JVT) with information about the patent status of techniques used in or proposed for incorporation in a Recommendation | Standard.  JVT requires that all technical contributions be accompanied with this form. Anyone with knowledge of any patent affecting the use of JVT work, of their own or of any other entity (“third parties”), is strongly encouraged to submit this form as well.

This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

Submitting Organization or Person:

Organization name
Robert Bosch GmbH
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FV/SLM

PO Box 77 77 77

31132 Hildesheim


Country
Germany
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Ulrich Benzler


Telephone
+49 5121 49-3087


Fax
+49 5121 49-173087
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Ulrich.benzler@de.bosch.com


Place and date of submission
Hildesheim, July 16th 2002
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Name (ex: “JVT”)
JVT
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2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.

or,

The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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2.1
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.
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2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.
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2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

In the case of any box other than 2.0 above, please provide the following:

Patent number(s)/status



Inventor(s)/Assignee(s)



Relevance to JVT



Any other remarks:



(please provide attachments if more space is needed)
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Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

Disclosure information – Third Party Patents (choose one box)
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3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.
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3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.
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