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1. Introduction

The purpose of this proposal is to improve coding efficiency for Professional Extension and other high quality applications. The proposed modification can improve coding efficiency at the presence of film gain and other noise. It achieves coding efficiency gains for pictures containing temporally uncorrelated noise or structures, such as film grains and digital camera sensor noises, without any kind of decoder noise emulation. We obtained 3-14% bit rate reduction from our simulation. This is realized by only adding one binary flag in H.264 syntax without adding complexity to decoders. 
 In high quality high resolution pictures, especially for high bit-depth pictures, there can be considerable amount of picture details that can not be fully compensated in motion compensation. This includes film grains. In the presence of large amount of temporally uncorrelated picture details, motion compensation not only becomes ineffective in reducing redundancy but can add redundancy into inter-predicted pictures, and therefore harming coding efficiency. In other words, a noise level of 2 in pictures will introduce noise level of 22 in inter-predicted pictures, therefore more bits are spent on noises. In all cases, film grain noises and other random textures prevent the advantage of inter-prediction from being utilized. We understand there are applications where film grain modeling or emulation may provide acceptable solution. But in general applications and those where integrity and fidelity of picture content is important, we have to keep pictures and film grains together while still maintaining good coding efficiency.
We propose to reduce the impact of temporally uncorrelated noise to inter-prediction efficiency by removing noises in reference pictures before they are used for inter prediction. It was found that, for this kind of purpose, a low pass filter to smooth a noisy picture would be sufficient. To reduce introduction of additional complexity, we use the exiting loop filter, so that it serves as both a deblocking filter and a low pass filter for noise removal. To provide this functionality, all needed is to insert a loop filter control flag in the bit-stream syntax that signals to decoders how to use the loop filter.
2. Noise removal on reference pictures by loop filter
The filter to remove noises from reference pictures has to be in the motion compensation loop. However, it is not required that this filter is accurate to only remove uncorrelated noise although such ability is desired. For this reason, we can use the currently available H.264 loop filter for this purpose and still achieve significant coding gains. To use the existing H.264 loop filter for this purpose, we propose to only add a switch into H.264 decoder before the loop filter. This added switch controls whether the filter is used for reference picture noise removal or it is used for deblocking. When the decoder is signaled to use the loop filter for reference picture noise removal (switch at position a in the figure below), the filter only applies to pictures that need to be stored for reference. In that case, the filtered version of decoded pictures is not sent to display devices. The switch can be controlled by a flag in the stream syntax, something like “loop_filter_for_ref” in the bitstream syntax and can be set by the encoder. We propose to include this flag into Picture Parameter Set in the H.264 syntax. The current decoder architecture and the decoder architecture with the proposed switch are illustrated in the figures below. When the switch is at b, it functions the same as the current decoder. 
In this proposed decoder diagram, no change is introduced into Loop Filter in the proposal. Optimally, the loop filter could have more controls that can be used adjust the filter behavior for the mode of reference noise removal, which normally would need a low-pass filter more evenly across entire picture. But even without changing anything in the loop filter, we are able to achieve high percentage of bit saving.

The decoder with dual mode of loop filter can use one mode at a time. Since at high bit rate and high quality encoding, blocking error is not frequently a concern, reference filtering mode is ready to be used. In case blocking error is more of a concern, the deblocking filtering mode shall be used. The decision is left to encoders.

[image: image1]
Figure 1. Current H.264 decoder architecture

[image: image2]
Figure 2. An H.264 decoder with proposed dual functions serving for both reference picture filtering and deblocking.
Comparison results

We use 1920x1080x24p moving picture data from the Hollywood Studios to compare the performance of the proposed loop filter as a reference smoothing filter. Two movie clips are used, one is named SeqA and the other is named SeqB. These two clips were telecine transferred. The appearance of film grains can be seen in Figure 3 and 4, but unfortunately the whole pictures can not be disclosed due to agreement. Information about the two sequences is described here:

1. SeqA contains slow human body movement and close facial shots. 
2. SeqB contains actions, lights at night, night club dancing, etc. 
Because both sequences are quite long, three smaller clips were chosen from each movie clip. They were selected at different locations, each having a length of 90 to 150 frames. To provide comparison, we also used two publicly available HD clips, “Station2” and “Sunflower”. The results are included here.
When the loop filter was operating as a reference smoothing filter, the FilterOffsetA and FilterOffsetB are adjusted from 2-6, since they are only way for adjusting filter strength. We record the maximum overall saving of bit-rate. The values of FilterOffsetA and FilterOffsetB are within the current range in the specification. The optimal values are found typically in the range from 2 to 4. 
In the experiment, reference software JM5.0c was used with IBBP configuration. In the comparison of JM software and the proposed reference smoothing using loop filter scheme, all configurations are kept the same between the two, except the two parameters, LoopFilterAlphaC0Offset  and LoopFilterBetaOffset in the software for the loop filter were modified. In this JM software, the loop filter was disabled. For the picture quality range we have experimented with, using deblocking filters (default strength) seems to always yield slightly poor performance. So the data were not shown here. The settings of common configuration parameters are

SearchRange       =    32
NumberReferenceFrames =  1  

SymbolMode             =  1   (CABAC)
RestrictSearchRange  =  2  (No restriction)
RestrictRefFrames    =  0  
RDOptimization       =  1  (ON)

UseConstrainedIntraPred  =  0  
BipredictiveWeighting    = 0   (OFF)

We did subjective viewing comparing JM5.0 decoded pictures and decoded pictures using filtered reference picture scheme. The subjective viewing were done using JVC QX1 D-ILA projectors and 24’x10’ screen, studio monitors, and plasma consumer monitors, and the comparison virtually no difference except in a few cases slight softening was noticed  for some of the results listed below that have more than 20% of bit rate reduction where there are also some PSNR drop. 
From Table-1 to Table-4, results from using SeqA1-3 and SeqB1-3 are shown. Compared with JM software, performance gain is obtained from 3% to 14% overall bit rate reduction. The overall bit rate reduction was calculated similar to [2]. 
Table-5 contains the comparison results for publicly available HD data for reference, “station2” and “sunflower”, Because of time limit, only two sequences are used, both are 1920x1080 progressive picture sequences. The camera is Sony HDW-F900 CCD camera, the grain almost not visible. But we are able to get 4-6% bit rate reduction and better PSNR score. For this overall bitrate saving is not calculated before only one bitrate vs PSNR sample for each clip.
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Figure 3 (left) and Figure 4 (right): Typical film grain appearance on the two sequences, left: SeqA, right: SeqB.

Table 1
	
	JM 
	Filtered reference
	Performance comparison
	

	QP: 25,25,25
	Bitrate
	PSNR
	Bitrate
	PSNR
	Bitrate percentage change
	PSNR change
	Overall bitrate percentage change
	

	SeqA1
	8.81
	39.82
	7.96
	39.85
	-9.7%
	0.05
	-9.7%
	

	SeqA2
	16.1
	38.31
	13.33
	38.15
	-17%
	-0.15
	-11%
	

	SeqA3
	17.81
	38.20
	15.07
	38.01
	-15.4%
	-0.18
	-8.5%
	


Table 2
	
	JM 
	Filtered reference
	Performance comparison
	

	QP: 26,26,26
	Bitrate
	PSNR
	Bitrate
	PSNR
	Bitrate percentage change
	PSNR change
	Overall bitrate percentage change
	

	SeqA1
	6.70
	39.30
	6.10
	39.34
	-8.9%
	0.05
	-8.9%
	

	SeqA2
	11.10
	37.54
	8.31
	37.36
	-25%
	-0.18
	-13.5%
	

	SeqA3
	12.15
	37.37
	8.67
	37.06
	-28.7%
	-0.31
	-11.3%
	


Table 3
	
	JM 
	Filtered reference
	Performance comparison
	

	QP: 18,18,18
	Bitrate
	PSNR
	Bitrate
	PSNR
	Bitrate percentage change
	PSNR change
	Overall bitrate percentage change
	

	SeqB1
	15.75
	46.80
	15.26
	46.81
	-3.1%
	0.01
	-3.1%
	

	SeqB2
	31.63
	45.28
	30.58
	45.27
	-3.3%
	-0.01
	-3.3%
	

	SeqB3
	11.77
	47.02
	10.88
	46.95
	-7.56%
	-0.07
	-5%
	


Table 4
	
	JM 
	Filtered reference
	Performance comparison
	

	QP: 20,20,20
	Bitrate
	PSNR
	Bitrate
	PSNR
	Bitrate percentage change
	PSNR change
	Overall bitrate percentage change
	

	SeqB1
	11.20
	45.72
	10.73
	45.74
	-4.26%
	0.02
	-4.26%
	

	SeqB2
	23.44
	44.07
	22.63
	44.10
	-3.47%
	0.03
	-3.47%
	

	SeqB3
	7.47
	46.04
	6.72
	45.98
	-10.0%
	-0.06
	-8.3%
	


Table 5
	
	JM 
	Filtered reference
	Performance comparison

	QP: 18,18,18
	Bitrate
	PSNR
	Bitrate
	PSNR
	Bitrate percentage change
	PSNR change
	

	Station2 (frames 1-25)
	20.78
	43.52
	19.86
	43.54
	-4.42%
	0.02
	

	Sunflower (frames 1-25)
	15.60
	45.25
	14.68
	45.36
	-5.90%
	0.11
	


Conclusions
We showed coding gain of filtered reference approach in the presence of uncorrelated textures and film grain. The approach does not introduce complexity, and all required is a binary syntax element to indicate the mode of the loop filter. At a coding again from 3 to 14% with only addition of syntax element, we consider it to be necessary to add into H.264 Professional Extension. 
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