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1. Introduction
In this contribution, a video coding method that reduces temporal propagation of rounding error of bidirectional prediction for stored B-slice is proposed.
It is indicated that H.264/AVC has a problem of rounding error of interpolation filter [1]. Since KTA1.9 has introduced the high-precision interpolation filter [2], this problem has been almost solved. However there remains a problem of temporal propagation of rounding error of bidirectional prediction.  Our proposal is a rounding control method for bidirectional prediction formula of stored B-slice.
As an experimental result for the hierarchical B structure for the common condition, an average of 1.39% and up to 5.00% bitrate reduction is achieved.  Even if the high-precision filter and the new dc offset are applied, an average of 0.68% and up to 1.76% bitrate reduction is achieved.  The increase of computational complexity for this method is negligible.
2. Rounding error of bidirectional prediction
It is known that the operation of interpolation filter in H.264/AVC causes the rounding error [1]. Therefore, KTA1.9 software has introduced an interpolation filter method [2] that keeps the arithmetic precision and reduces the rounding error.  As an experimental result, the coding efficiency has been improved for P-slices.  And it is indicated that there is a rounding error problem of average operation of bidirectional prediction [1], [3].
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Figure 1
Stored B-slice and temporal propagation of rounding error
The problem is that the rounding error of average of two values is maximized. In the case of stored B-slice referred from other pictures, a temporal propagation of rounding error is caused as shown Figure 1.
3. Bidirectional prediction formula of B-slice
Our proposed method controls the rounding of bidirectional prediction formula for B-slice.

Pred = (MCL0 + MCL1+ R)>>1,





(1)

where R is the control variable for rounding error and the value is 0 or 1. 

Since numbers of reference picture and non-reference picture for hieratical B structure are almost the same, we recommend the variable R of Equation (1) should be assigned to 0 for stored B-slice and 1 for non-stored B-slice in order to balance rounding up and down.
4. Experimental Results
We have conducted simulation for the case of hieratical B structure by using KTA1.9 software. The PSNR gain (ΔPSNR) and the bitrate saving (ΔBitrate) are calculated based on BD-SNR (VCEG-M33 [3]) using BJM add-in supplied in VCEG-AE07 [4]. 

Table 1 indicates the results of all VCEG sequences of QCIF, CIF and 720p60. The left side is the result based on KTA1.9 anchor and the right side is the result based on KTA1.9 applied to the high-precision interpolation filter and the new dc offset.

Table 1
 Coding efficiency of hieratical B structure

	Test Sequence
	KTA 1.9 anchor
	KTA1.9+HP+NewDC anchor

	
	ΔBitrate

(%)
	ΔPSNR

(dB)
	ΔBitrate

(%)
	ΔPSNR

(dB)

	container_qcif
	1.17 
	0.057 
	0.64 
	0.038 

	foreman_qcif
	0.30 
	0.018 
	-0.30 
	-0.017 

	silent_qcif
	0.35 
	0.022 
	0.13 
	0.005 

	foreman_cif
	0.94 
	0.040 
	0.18 
	0.008 

	mobile_cif
	0.83 
	0.037 
	0.28 
	0.013 

	paris_cif
	0.07 
	0.003 
	-0.03 
	-0.001 

	tempete_cif
	1.01 
	0.040 
	0.60 
	0.023 

	Total average of QCIF & CIF
	0.67 
	0.031 
	0.21 
	0.010

	BigShips
	5.00 
	0.131 
	1.57 
	0.041 

	City
	2.72 
	0.118 
	1.25 
	0.041 

	Crew
	0.73 
	0.017 
	1.62 
	0.038 

	Night
	0.87 
	0.031 
	0.52 
	0.018 

	ShuttleStart
	2.68 
	0.089 
	1.76 
	0.057 

	Total average of 720p
	2.40 
	0.077 
	1.34 
	0.039 

	Total average 
	1.39 
	0.050 
	0.68 
	0.022 


5. Conclusion
In this contribution, we introduced a new method for reducing temporal propagation of rounding error of bidirectional prediction.  Our experimental results indicated an average of 1.39% and up to 5.00% bitrate reduction without increasing computational complexity.
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