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Software integration for MCTF update step proposals from Nokia and Microsoft

· Update process is performed according to each coding block in H frame. Update motion vector derivation process is omitted. The reverse direction of motion vectors used in prediction step is used directly as update motion vectors. Interpolation is performed on the whole coding block with variable block size depending on macroblock mode in prediction step.

· For update step interpolation, energy distribution method [3] is used. Energy distribution is according to an adaptive filter that is based on bilinear filter and a 4-tap filter. The filter selection is controlled with the energy level of the prediction residue of the coding block [1].  

· Motion vector of each coding block is checked. Outlier motion vectors are excluded from the update step. 

· The update signal (or prediction residue) from each coding block is capped with an adaptive threshold. The threshold is determined based on the energy level of the prediction residue of the coding block.

· Update components from one coding block are directly applied to L frame. No need of frame buffer for storing the update signal from each direction. 

1 Current MCTF Update Step in JSVM2

In the SVC reference software (JSVM version 2.0), MCTF is implemented using lifting steps, which are: prediction step and update step. The prediction step is generally the same as that in traditional block-based video coding without MCTF. In the update step, prediction residue (high pass frame H) obtained from the prediction step is added back to the reference frame to generate a low pass frame L according to so-called update motion vector which takes the reverse direction of motion vector used in prediction step. 

More specifically, the update step is performed by splitting L frame into 4x4 non-overlapping adjacent blocks. Update motion vectors for these blocks are derived from motion vectors used in the prediction step. Let us consider one of the update blocks, block A, in frame L, as shown in Fig. 1.  As it can be seen in Fig 1 two blocks (blocks B1 or B2) in the frame H are predicted from this block. The inverse of the motion vector of the block, which has the largest number of pixels m predicted from block A, is selected to predict block A, i.e., if the motion vector of block B1 is (Δx, Δy) the update motion vector that is used for block A is equal to (-Δx, -Δy). The number of pixels m predicted from block A is also used to calculate weight w1 assigned to block A. Weight w1 represents how reliable the motion vector (-Δx, -Δy) is to be used for block A update. It is used to control update strength for block A.  

To avoid unwanted coding artifacts incurred during MCTF update, another weight factor w2 is also derived for each 4x4 block in L frame to control update strength. Weight w2 of each block is based on energy level of the corresponding residue block in frame H used for update operation [2]. If the energy is too high, it is more likely that the update operation could produce unwanted visual artifacts. In this case the update strength needs to be lowered. In the current SVC reference software, the average of squared pixel value in a block is used as an indication of the energy level of that block. Weight factors w1 and w2 are used together to control update strength. Assume En+1 is the prediction residue block used during the update operation, then instead of using En+1 directly, w1* w2* En+1  is actually used during the update operation.
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Figure 1

Generally interpolation is needed in the update step whenever motion vector (-Δx, -Δy) does not have an integer pixel displacement for horizontal or vertical direction. In the current SVC reference software, two options are available for such interpolation. One is to use the AVC standard interpolation method that is based on a 6-tap filter. The other is to use a simple adaptive filter proposed in [1]. The filter adaptively switches between a 4-tap filter and bilinear filter depending on the weight factor derived for each 4x4 block.

2 Proposed Further Simplifications on MCTF Update

2.1 Direct Update Operation

Instead of doing update operation based on each 4x4 block in L frame, we propose to perform the update step according to each coding block in H frame. Depending on macroblock mode in prediction step, a coding block can have different size, e.g. from 4x4 up to 16x16. In update step, the inverse direction of the motion vectors used in prediction step is used directly as update motion vector and the integer position pixels around the current block’s reference block in L frame are updated.

When a reference block is located at sub-pixel position, update signal is spread to those integer position pixels in L frame around the block. This is called energy distribution. In this proposal, an adaptive filter is used. The adaptive filter is a combination of bilinear filter and a 4-tap filter[1]. Depending on the filter, up to K+3 by K+3 number of pixels can be affected (or updated) with the prediction residue of the current K by K size of coding block. This situation is illustrated in Figure 2, where solid dots represent integer pixel locations and hollow dots sub-pixel locations. Blocks indicated with dashed boundaries are involved in prediction step. The block with solid boundary indicates the place that is actually updated. In the prediction step, reference block A is used for predicting block B. In the update step, theoretically prediction residue of block B should be used to update block A. However, since block A is located at sub-pixel positions, the prediction residue is spread from the position of block A to block C. In Figure 2, assume that bilinear filtering is selected from the adaptive filter, up to 5x5 pixels are affected. When 4-tap filter is selected, up to 7x7 pixels are affected. In general, if assume the size of block A is K by K, then up to K+3 by K+3 number of pixels can be affected.

Such an update operation waives the necessity of deriving update motion vector for each 4x4 block in H frame. It’s also more accurate in terms of update location and as a result weight factor w1 is no longer necessary.





Figure 2

2.2 Removal of Outlier Motion Vectors 

We also propose to incorporate a motion vector filtering process in the MCTF update step to improve coding performance and reduce complexity. Motion vectors that are too different from their neighboring motion vectors are excluded from the update operation. This is because these motion vectors may not be reliable and as a result performing update operation according to these motion vectors may not improve, or even sacrifice, coding performance. 

The motion vector filter is fairly simple. Basically the differential motion vector of each coding block in H frame is checked. If the difference is bigger than a certain threshold, the motion vector of the current coding block is excluded from update operation. Assume the differential motion vector of the current coding block is (Δdx, Δdy), the following condition can be used in the filtering process. 

|Δdx| + |Δdy| < Tmv
In the simulation, Tmv  is set to 5. Depending on test sequence, e.g. for Football, it is possible to exclude more than 50% of motion vector from update process. It is found that it can not only improve coding performance, but also significantly reduce update complexity.

2.3 Adaptive Threshold for Controlling Update Strength 

To control update strength, a final weighting factor is used to scale down the amplitude of update signal in current JSVM 2.0 software. Another scheme is to use a threshold to limit the maximum amplitude of update signal [3]. In this proposal, instead of using scaling operation, a threshold is adaptively determined for each coding block and used to limit the maximum amplitude of update signal of the block. Since the threshold values are adaptively determined in the coding process, there is no need to save them in coded bitstream.

As shown in Figure 2, assume that the interpolated prediction residue spread to block C  is U(i,j), (i,j) represent coordinates and (i,j)(C . Assume the threshold determined for the block B is Tm (Tm > 0). The operation of limiting the maximum amplitude of update signal can be expressed as follows:

U(i j ) = min(Tm , max( -Tm , U(i j ) ) )
max and min are operations that return the maximum and minimum value respectively among a set of given values. The threshold value is determined based on the energy level of the block. For example, weigh w2 of each block can be used. Since the energy level of the block is already calculated in selecting interpolation filter, it can be just re-used in this step and there is no need to recalculate.

2.4 Separate thresholding to further reduce memory requirement
To further simplify the implementation, we eliminate the need of an extra frame buffer to aggregate update components by adding the update components derived from block directly to the low-pass frame buffer. And simple threshold is applied for each addition. In this case, if assume the maximum block size is KM by KM , the buffer size we need for storing update components is just KM+3 by KM+3. This procedure is illustrated in Fig. 3.
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Figure 3. Update components derived from a high-pass block in one direction

As shown in Fig. 3, if assume bilinear filtering is selected from the adaptive filter for interpolation, the update components derived from a current K by K luma high-pass block will at most expand to a K+1 by K+1 block. Otherwise, if 4-tap filter is selected, then it will at most expand to a K+3 by K+3 block. Therefore, in the proposed update algorithm, we first derive the update components from a K by K high-pass block. Then the derived update components are clipped to [-Tm, Tm] with the adaptive threshold derived in section 2.3. The clipped update components are added directly to the low-pass frame buffer as illustrated in Fig. 3; hence, there is no need for any extra frame buffer.
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