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1. Introduction

Rate Distortion Optimization (RDO) with the usage of Lagrangian Parameters (() [1] is a method that can potentially increase coding efficiency of video coding systems. This method is based on the principle of jointly minimizing both Distortion D and Rate R using an equation of the form:
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The JVT standard [2] has also adopted RDO as the encoding method of choice, even though this is not considered as normative, whereas all testing conditions [3] of new proposals and evaluations are based on such a method. This is though highly dependent on the selection of ( which is in the current software selected, for I and P frame, as 
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, where QP is the quantizer used for the current Macroblock, and 
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 for B frames. We have though discovered that these numbers were not selected wisely, especially since these could inadvertently affect considerably the efficiency of B frame coding. In this document we analyze the performance mainly with regards to B frames, and propose an interim value for (, which agrees with the value proposed in [6],until further investigation is done, and a better method proposed.








2. Rate Distortion Optimization in JM3.X
The current JVT reference software [5] includes two different complexity modes used for the encoding of a sequence, a high complexity mode and a lower complexity mode. As discussed above, the high complexity mode is based on a RDO scheme with the usage of Lagrangian parameters which try to optimize separately several aspects of the encoding. This includes motion estimation, intra block decision, subblock decision of the tree macroblock structure, and the final mode decision of a macroblock. Complete analysis can be found in [4]. As it was also mentioned in [6], this method depends highly on the values of ( which though have been changed several times in the past. In particular, after the January meeting the value of ( change from 
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to:
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or basically 
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(1)
where A=850, mainly since the previous function could not accommodate the new QP range adopted by the standard. Apparently though the decision of changing the value of ( appears to most likely have been solely based on P frame performance, and probably was not carefully tested. In particular we have observed that, especially for the testing conditions recommended by JVT [3], the two equations are considerably different.  Such a relationship can be seen in Table 1.
Table 1: Relationship between previous ( and current one.
	QP
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	16
	28.89
	34.27
	18.61%

	17
	35.42
	43.18
	21.90%

	18
	43.48
	54.40
	25.11%

	19
	53.49
	68.54
	28.14%

	20
	65.97
	86.35
	30.89%

	21
	81.66
	108.80
	33.23%

	22
	101.53
	137.08
	35.01%

	23
	126.94
	172.71
	36.05%

	24
	159.84
	217.60
	36.14%

	25
	203.04
	274.16
	35.03%

	26
	260.86
	345.42
	32.42%

	27
	340.11
	435.20
	27.96%

	28
	452.23
	548.32
	21.25%


We observe that for the range {16,20,24,28} recommended in [3] the new ( is, surprisingly, between 18% and 36% larger than the previous value. The increase in (  can have several negative effects in the overall performance of the encoder, such as in reduced reference frame quality and at the efficiency of motion estimation/prediction. We should also point out that PSNR does not always imply a good visual quality, and we have observed that in several cases several blocking artifacts may appear even at higher bitrates. This could also be affected by the usage of the Non-residual skip mode, which in a sense bypasses the specified quantizer value and thus reduces the efficiency of the deblocking filter. This could be more visually understood when taking in consideration that this mode could in several cases require even zero bits to be encoded, thus minimizing the effect of the ( (( depends on the original QP). Considering that the distortion of all other, more efficient, macroblock modes is penalized by the larger value of ( it becomes apparent that quite possibly the actual coding efficiency of the current codec has reduced. Furthermore, as we have mentioned above, the new value was most likely not tested within B frames. 

3. Rate Distortion Optimization evaluation
In view of the fact that B frames rely even more on the quality of their references and use an even larger lagrangian parameter(
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), we have evaluated in this document the performance of the current ( when B frames are enabled. We have also compared performance with A=500 & A=700 especially since the later gives results very close to the previous, e-based (. Since we have found that [8] can be possibly a better design for B frames for several reasons, we have used that scheme in our evaluation. The same concepts should also apply to the original scheme as well. We should also mention that in this design, the ( for B frames is calculated as 
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 was excessive. The testing conditions as described in [3], were used, using the UVLC entropy coder and 1 reference frame.

From our experiments, we observe that if the same QP is used for both B and P frames, A=500 outperforms considerably the current ( (A=850). More specifically, encoding performance [7] can be up to 2.75% bit savings or 0.113dB higher for the sequences examined. 

Table 1: Comparison of encoding performance for different values of (.
	A
	QPB
	Sequence
	Foreman
	Container
	News
	Paris
	Silence
	Mobile
	Tempete

	500


	QPP
	PSNR
	0.128
	-0.015
	0.084
	0.117
	0.039
	0.280
	0.156

	
	
	Bitrate
	3.43%
	-0.33%
	2.01%
	2.85%
	1.06%
	6.35%
	3.89%

	
	QPP+1
	PSNR
	0.102
	-0.111
	0.057
	0.048
	0.005
	0.133
	0.094

	
	
	Bitrate
	2.58%
	-2.78%
	1.39%
	1.19%
	0.16%
	3.04%
	2.35%

	700
	QPP
	PSNR
	0.070
	0.034
	0.061
	0.079
	0.009
	0.176
	0.086

	
	
	Bitrate
	1.87%
	0.79%
	1.43%
	1.97%
	0.19%
	4.08%
	2.19%

	
	QPP+1
	PSNR
	0.060
	-0.012
	0.043
	0.046
	0.002
	0.090
	0.057

	
	
	Bitrate
	1.60%
	-0.35%
	0.97%
	1.16%
	0.03%
	2.19%
	1.52%


Considering the above performance, and also the analysis in [6], we also agree that, even though a further analysis of the RDO is necessary, JVT should adopt a value of A between 500 and 700 (we agree with the value of 680 that was recommended in [6]). In particular, we observe the considerable improvement in performance in sequences Mobile and Tempete. Even though from the above results the value of 500 appears to give better performance in most cases (except container) since from [6] this could affect the performance of P frames as well a larger value is recommended. Usually also a larger QP is more commonly used for B frames than P frames, and we observe that the difference between the two different A reduces. 
We actually feel that the calculation of (, particularly for P (and I) frames, should actually be not only a function of QP, but a function of the QP to be used for B frames as well (
[image: image13.wmf])
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), if such is known and if single quantizer is applied on the entire frame, or even of other parameters not currently used such as, for example, P & B frame distance. 
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