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1. Introduction

The fractional samples for the fractional accuracy MC are interpolated by the simple and fast algorithm in the current JCD.  But samples at a certain fractional position require  32-bit  operation due to the use of intermediate values. This may cause inevitable complexity increase for certain 16-bit based system when all the other decoding process require only 16-bit operation. This contribution proposes change in the motion interpolation process for the sample at these positions to consist the whole decoding process wholly with 16-bit operation. Simulation results show that there is negligible performance loss when the proposed changes are adopted.

This can be done i.e. two shift-right by 5, are done at a time after horizontal and vertical filtering. The proposal achieves 16-bit motion interpolation by shifting and clipping intermediate values.  This can reduce the code size to avoid multiple implementation of interpolation according to a data type of input.
2. Quarter Sample Luma Interpolation in Joint Committee Draft
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Figure 1. Integer samples (‘A‘) and fractional
sample positions for quarter sample luma interpolation
In the Figure 1  (Figure 9.3 of JCD) shown above, A’s are the integer sample positions and all the others are fractional sample positions of which values are interpolated using A’s . Interpolation of sample values at cm is defined as following in the current JCD.


– The samples at half sample positions labelled as ‘cm‘ shall be obtained by applying the 6-tap filter to intermediate values b of the closest half sample positions in either vertical or horizontal direction to form an intermediate result c. The final value shall be calculated using cm = clip1(((c+512)>>10).

The intermediate values of at the fractional sample position ‘b’ is used to interpolate the sample value at  cm. The intermediate value c is right-shifted 10 bits after filtering the intermediate values ‘b’.  This describes that cm should be represented by 32-bit integer which means that the operation incurs heavy extra computational load when implemented on 16-based system. This can be avoided by shifting and clipping the intermediate values of ‘b’ to interpolate the sample value at the fractional position cm.
3. Proposed Changes in Fractional Sample Interpolation

We propose three alternative algorithms to implement 16-bit operation of fractional sample interpolation. The first two methods are to use the normalized value by shifting of intermediate value ‘b’ to produce cm. And the third is to shift the intermediate value followed by clipping it to fit into the range of [0,255]. Both scheme have its own advantages and disadvantages.

3.1 Shift Only Scheme (Symmetrically)
The first scheme proposes to use the 5 bits shifted intermediate value ‘b’ to compute cm to reduce the required bits to store intermediate value c. The shift operation is proposed as following to produce bshifted :

bshiftied  = ( A-3 - 5A-2 + 20A-1 + 20A0 - 5A1 + A2 + 16 ) >> 5
And the Cintermediate is obtained as following:

Cintermediate  = ( b-3 – 5b-2 + 20b-1 + 20b0 – 5b1 + b2 + 16 ) >> 5
3.2 Shift Only Scheme (Asymmetrically)
The second scheme is quite the same as the first scheme but the bit to shift at the first stage and the second stage is not the same. The shift operation is as following : 

bshiftied  = ( A-3 - 5A-2 + 20A-1 + 20A0 - 5A1 + A2 + 8 ) >> 4

Cintermediate  = ( b-3 – 5b-2 + 20b-1 + 20b0 – 5b1 + b2 + 32 ) >> 6

Both the first and the second scheme assure that the interpolation operation can be performed within 16-bit arithmetic. But the second scheme has the advantage of retaining closer value to the original value. According to the above two proposals, required bits to store each value can be calculated as in Table 1.

Table 1. Required Bit Reduction due to the Proposal

	
	JCD
	Proposal 1
	Proposal 2

	
	Dynamic Range
	Required Bits
	Dynamic Range
	Required Bits
	Dynamic

Range
	Required

Bits

	A
	Dynamic Range : 0~255  |  Required Bits : 8 bits

	Bintermediate
	-2550 ~ 10710
	15
	-80 ~ 335
	10
	-159 ~ 669
	10

	Cintermediate
	-214200 ~ 475320
	20
	-6710 ~ 14870
	15
	-13368 ~ 29688
	15


3.3 Shift and Clip Scheme
The third scheme proposes to clip intermediate values onto [0, 255], in other words, is proposes to use the half accuracy sample ‘b’ instead of the intermediate value. This scheme has its own advantage though it may cause a little degradation of performance. Its advantages and disadvantages can be summarized as following : .

1) Advantages
· reduction of the required memory size to save intermediate value is possible in encoder.

· enables to avoid multiple implementation of interpolation. Otherwise, two following extra  function must be implemented in decoder:

Void InterpolateVer1( byte *Out, int *In)

for cm
Void InterpolateVer2( byte *Out, byte *In)
for bv
Void InterpolateHor1( int *Out, byte*In)

for bintermediate
Void InterpolateHor2( byte *Out, byte *In)
for bh
2) Disadvantages
· complexity increase to clip values in encoder / decoder.
· Possible loss of quality due to clipping

4. Simulation Results

Computer simulation was performed and results were analyzed. Simulation was performed using JM 2.0 software and various test sequences including the ones in the common conditions (VCEG-N75). As shown Table 2. the  performance loss due to either of the proposal is negligible.  Details about the simulation results can be found in JVT-D119.xls.
Table 2. Simulation result of the proposals in comparison with JM 2.0

	Sequences
	Proposal 1 
(Symmetric Shift)
	Proposal 2
(Asymmetric Shift)
	Proposal 3
(Shift + Clip)

	
	BD-PSNR [dB]
	BD-BRS 

[%]
	BD-PSNR [dB]
	BD-BRS 

[%]
	BD-PSNR [dB]
	BD-BRS 

[%]

	Foreman [QCIF]
	-0.092
	1.72
	0.123
	-2.26
	0.002
	-0.04

	News [QCIF]
	-0.012
	0.24
	-0.001
	0.02
	-0.003
	0.07

	Container [QCIF]
	0.077
	-1.93
	-0.079
	2.04
	0.007
	-0.16

	Silent [QCIF]
	-0.020
	0.54
	0.034
	-0.88
	0.000
	0.00

	Paris [QCIF]
	-0.001
	0.01
	0.020
	-0.40
	-0.030
	0.62

	Mobile [CIF]
	-0.086
	1.93
	0.087
	-1.90
	0.001
	-0.01

	Tempete [CIF]
	-0.039
	0.95
	0.045
	-1.09
	0.000
	0.00

	Average
	-0.025
	0.494
	0.033
	-0.639
	-0.003
	0.068


5. Conclusion

This contribution proposes slight change in the interpolation procedure for easy implementation on 16-bit based  systems. The proposed change is so slight that it nearly shows no change in the performance and implementation of current JCD. Proposal 1 (Symmetric shift) and Proposal 3 (Shift and Clilp) show performance decrease of 0.025 dB (0.49 4%) and 0.003 dB (0.068 %) respectively while the Proposal 2  (Asymmetric shift) shows performance improvement of 0.033 dB (0.639 %d). Proposed change in all the proposals minor but are considered to be essential for 16 bit implementation..
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