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Abstract
This contribution reports the cross-verification results of CE1 proposal JCTVC-D329 by Samsung.
The Bi-Directional Optical Flow (BIO) technique leads pixel-wise motion vector without decoder side motion search and refine the motion compensation quality using optical flow approach.
The cross-verification results show that BIO technique provides 1.9% gain at random access high efficiency case and 4.8% gain at random access low complexity case. The results are matched with the results of the proposal JCTVC-D329.
1 Introduction
BIO [1] is the technique that the high accuracy motion vectors are derived by using the calculation based on optical flow concept from the detected motion vectors without any additional information in the decoder side. In very short time difference, the conditions are assumed that the motion of the objects in the picture is constant, and the pixel value is smoothly connected with the surrounding pixel. The model based on the assumption like Figure 1 is applied in this technique.
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Figure 1  The assumption of the steady motion vectors

The predictive pixels based on optical flow (POpticalFlow) are calculated by using the function (1)
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  ---- (1)

Where, I(l)x[i,j], I(l)y[i,j] are luminance gradients on l=0,1 on references, vx[i,j] and vy[i,j] are pixel-wise motion vector.

For calculation of POpticalFlow, the luminance gradients and pixel-wise motion vector are needed. The luminance gradient values are calculated with the filtering process with the filter coefficients that are derived from the DCT-IF concept. The vx and vy are derived by using the condition (2)
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Where,
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2 Experiments

2.1 Test conditions

In CE1 activity [2], the common test conditions [3] are used for experiments of performance and complexity toward HM. In the proposal JCTVC-D329, it was reported results at random access case, because there is no effect to the results (same results as HM) at the low delay case.

2.2 Experimental environment

The experimental environment is shown in Table 1.

Table 1 Experimental environment

	CPU
	Intel Core i7 870 2.93GHz

	Memory
	8GB (DDR3)

	OS
	Windows XP SP2 64bit

	Compiler
	Microsoft Visual C++ 2008 Express edition SP1

	Executable
	Win32(encoder) , Win32/x64(decoder)


2.3 Simulation Results

2.3.1 Performance comparison

Table 2 shows the performance comparison results at random access.

Table 2 Performance comparison results at random access
	　
	Random access
	Random access LoCo

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-1.7 
	-0.8 
	-0.7 
	-2.1 
	-1.0 
	-1.0 

	Class B
	-1.6 
	-0.7 
	-0.8 
	-2.7 
	-0.8 
	-0.7 

	Class C
	-1.6 
	-1.0 
	-1.0 
	-4.5 
	-1.8 
	-1.7 

	Class D
	-2.8 
	-1.5 
	-1.4 
	-9.1 
	-4.0 
	-3.8 

	Class E
	　
	　
	　
	　
	　
	　

	All
	-1.9 
	-1.0 
	-1.0 
	-4.8 
	-1.9 
	-1.8 


The results show that the BIO technique provides 1.9% BD-rate [4] gain at random access high efficiency case and 4.8% at random access low complexity case against the HM (TMuC0.9 anchor).

These results are matched with the results of the proposal JCTVC-D329.

2.3.2 Complexity comparison

For the complexity comparison of decoder, two results of decoding time are used for comparison. One is decoding time with writing out decoded yuv (with –o option), and the other is decoding time without writing out decoded yuv (without –o option).

In addition, the results of decoding time using x64 (64bit executable) are added to observe the influence of different platform (32bit/64bit).

Table 3 shows the complexity comparison results at random access.

Table 3 Complexity comparison results at random access
	
	Condition
	Random access High
	Random access LoCo

	Enc Time
	Win32 Executable
	118%
	130%

	Dec Time
	Win32 Executable with "-o" option
	286%
	435%

	
	Win32 Executable without "-o" option
	299%
	536%

	
	x64 Executable with "-o" option
	212%
	279%

	
	x64 Executable without "-o" option
	223%
	386%


It seems that the complexity increase of Win32 (32bit compiler) executable decoder on BIO is much than x64 (64bit compiler) executable decoder.

The decoder complexity comparison results of x64 executable are close to results of JCTVC-D329.
2.4 Source code verification

We have verified the source code distributed by Samsung about the macro BIO.
In the case that BIO is defined as 1, BIO technique is performed for Bi-predictive interpolation (without extrapolation) including skip/direct/merge case.

The BIO routine is implemented to motion compensation part on both encoder and decoder into HM software (TMuC0.9).

3 Conclusions
This contribution reports the cross-verification results of CE1 proposal JCTVC-D329 by Samsung.

BIO technique can improve coding efficiency under random access condition with other relevant tools, and the performance comparison results are matched with the results of the proposal JCTVC-D329.
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