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1. Introduction

The goal of this Core Experiment (CE) is to further investigate interpolation filtering for motion compensation (Luma) technology. Concerning the interpolation filters for motion compensation (Luma) techniques are evaluated according to BD-rate gain, complexity and subjective picture quality.  
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3. Functionality addressed

· Improvement of coding efficiency by interpolation filter

· Reduction of complexity and reference frame memory access bandwidth generally
4. Description of tool

Details are provided in JCTVC-A116, JCTVC-A119, JCTVC-B051, JCTVC-A121, JCTVC-A124, JCTVC-C078 and JCTVC-C164.

4.1. JCTVC-A116 (HHI) [1]

The proposed interpolation scheme is based on MOMS algorithm and implemented in fixed point arithmetic. In the generalized case, it is implemented as a combination of an IIR pre-filter and an FIR interpolation filter. 
4.2. JCTVC-A119 (Nokia) [2]
JCTVC-A119 proposes to switch between directional and separable interpolation filters with the same coefficients in motion partition level. 
JCTVC-A119 uses 6-tap filters but more filter taps could also be tested. In addition, switching with different filter coefficients (e.g. using filter coefficients of JCTVC-A124, or using coefficients of JCTVC-C215) could be tested.
4.3. JCTVC-B051 (NTT) [3]
Conventional AIF optimizes the filter coefficients on a frame-by-frame basis.
When an original image has uniform texture or movement, conventional AIF is adequate.

However, when the image has multiple movements or each region of the image has different texture, the coding efficiency could improve by using region-by-region interpolation filter.

In the proposed method, the frame is divided into multiple regions according to coding information.

The optimal filter coefficients are derived on a region-by-region basis.

Several region-dividing modes are predefined, and the RD cost of each mode is calculated.

Finally, the best region-dividing mode is chosen and sent to the decoder.
4.4. JCTVC-A121 (Qualcomm) [4]
JCTVC-A121 proposes single pass switched interpolation filters with offsets (single pass SIFO) to interpolate the reference frame for the luma component. The basic idea behind switched interpolation filters is that for each of the 15 fractional pixel positions, the interpolation filter can be chosen from a set of interpolation filters associated with that fractional pixel position. For each fractional pixel position, the choice of the interpolation filter as well as offset is signaled at the slice level. As in TMuC 0.7, using interpolation filters with different tap sizes, based on the fractional pixel location will also be tested. This is useful for reducing the complexity by using longer filters for fractional pixel positions that require 1-D filtering and shorter filters for positions that require 2-D filtering.
4.5. JCTVC-A124 (Samsung) [5]
DCT-based interpolation filter was proposed in JCTVC-A124. Transform operation pairs and intermediate phase shift were merged into a single spatial domain filter to reduce the computational complexity. Filter coefficients are optimized in order to minimize the number of arithmetical operations (shifts and additions).
4.6. JCTVC-C164 (Sony) [6]
MC interpolation filter is switched depending on prediction is single pred or bi-pred. In frame work of Bi/Single, filter coefficients are selected by either bi-pred is used or not. When one MC block has two references (namely bi-predictive), the interpolation filter for bi-pred is used. When one MC block has one reference, the interpolation filter for single prediction is used. If MC block is bi-pred, it works as averaging L0 and L1, this averaging can suppress some coding noise. Also, high frequency component such as edges will be reduced. On the other hand, if MC block is single pred, interpolation filter interpolates reference including coding noise. To effective, above some phenomenon suggest that for bi-prediction, the interpolation filter needs to protect high frequency components, and for single-prediction, interpolation filter should slightly suppress high frequency component to some de-nosing

The interpolation filters are designed using DCT-IF design frame work as shown in the figure below.
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Figure 1: Filter design approach
Fwd. DCT, Hx, and Inv. DCT are convoluted. Eventually, it leads to FIR structure. In this example, the interpolation filter has LP characteristic.

4.7. JCTVC-C078 (TOSHBA) [7]
An interpolation that has non-uniform tap length filters for computational complexity reduction is tested.  For example, in case of inner fractional position, asymmetrical M-tap (M<N) is used and symmetrical N-tap filter is used and in case of border fractional position, both asymmetrical and symmetrical N-tap filter is used.  Since the number of multiplication of symmetrical filter is smaller than that of asymmetrical filter at the same tap-length generally, the worst number of multiplication is reduced.
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5. Expected gains

· Improvement of coding efficiency

· Reduction of complexity and reference frame memory access bandwidth generally
6. Core experiments conditions
6.1. Software
TMuM version 0.9 (version Nov.1 2010)
6.2. Coding conditions

High coding efficiency anchor: 
Random access configuration

Low delay configuration

Low complexity anchor:
Random access configuration

Low delay configuration
Common test condition is specified in JCTVC-C500 [8].
6.3. Evaluation criteria
1. Measure impact on bitrate/PSNR using provided data. Use 4-point BD-PSNR and BD-Rate [9]. 
2. Complexity (encoding/decoding times, including more detailed analysis on software and hardware implementation complexity generally) 
3. Subjective quality (If sequences coded using a proposed alternative transform exhibit subjective improvements or degradations, proponents shall describe these subjective differences)
Note: regarding complexity, consider collaboration with CE4 [10].
7. Time lines

Oct.29 2010
: Deadline for sending email to coordinator expressing interest in participating in tool experiment.
Oct.29 2010
: Deadline of formal description of all proposals.

Oct.29 2010
: Distribution of document of Tool experiment.
Dec.22 2010
: Test results representation form announcement and start to cross-check of experimental results and check subjective quality

Jan.07 2011

: Complete cross-checking of experimental results and checking subjective quality

Jan.14 2011

: Upload contributions
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